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M\ 44 \ 


c^ 

(j[£ J <‘~“^ cell Stem h ^ti 4_AiJI 

I i(_ij^L>> I u tO-iL^ t '* i^j.ju ^1 Ll:>. 1_^ 

^ j ^ ^ 4 _jlI>-j 4 >"(">■ 1 f^h '>• dijjJoj 

'^ *' > ‘jlLo haJI ijljj (jl-^3 SoIjJLi 

(4al>Jl ..I i ..Vl^ 4^^VI 

j| t5Lu>Jl 3 jLo 4j^m Laj 

«.ljVlj diLj^^JajJi JuJLjlII LiJLiJb L-^^ a 

1^3 3>-^ Ljjj_:^j (^1 

^ <.LljJl^JI j- ^ 0^ j ^Vl 

^ t ‘ «^l--4-i£> A ^ .. JI 

r' L-iiajI id • j iLittj I j 

.^IjjJlj 4 

4^.2l 4^^JI d i^Hfl ^1 I 

jl DNA ji LjjJl jl _ 4 jlv U 4^ljjJI SjUI 
^1 ' ■ *cjjI— 1^ j>^ ^ - Genome 7^1 

cjIj j l)^ 1 —^J^Ij ^ d ni*> < jjiw 


4_^^Jl_>JI 4_lL9<JI ^ ' i* » L^ '> 

^ Lj^CjJl ,3^ I ^ 3^ 

«^tiAd.ll ^ j 'j ’ 

t.^^1 













^jtb L)^'L_^l LAj—jx. 4_i_£:jl.>J1 cLoL^I y i a \ a id_ I aL^j y 1 

. , W II ^li frl ? V <I (>l - (^jJI X II 

i^jL^ Lx^ i 1—^ jli ^ ^~^ ci^ 

>r*I< i" CjLu^I aJJ^ ^1 Ly^ (-P-^ ^ja 

(jjj LxIj 1 4 i ^1,J (J-a_>»J L^l JuV (j-ajJI 

t(^ ^ic-t iJI ^^^^olaULI 1 j£La ^ cuJ <1^1 JUU 

OJ—^ ^ .<n ^A ^ ‘ ^ * .L-fcj ... .ti ulljL^ |_^jjl ^1^1 

^1 Jj-IaJLI t jj Hjlj.^jl 3JI 3j.9B.jLli «Uxa^ij «L:wjjJi 

«LiJL^ ^4X1 1.4j^^L3t.cuJt 4 .X.Jl>JI I I^t JjUIj Lt^i^ 

jj-.^Vl 4 jlv ^_yi£. _ L_jLjj.-i.ii _ i_flj.j»_ij (jt 4jj.i *Ljj_i:^i u^ 
^LluVI 4 3j3'*> LT^ Cy^ iult^L:^ lJi^J CijL^ lJx^J i ,\jtail 

) ^ 1^ ■ “ i I yyA jj ■ ■ ■ *- -■ iJ I (j^ 

M * c 4 4 i^JlSJI JuLa jjjjjSLll JL Jjuli LjJ^J ^^^.^jlII 4.:w_j 

Ij j HI.3' l^jLjwaj <(^jLa j-jX ^Li^l ^1 |jj.^L!Lli 4.3.^iiM-^i (J>^ 

Jyi 4Jt-.i,>ij 4jSJ iLjxa-L^. L>^ i^...4X j IjlA 

4 ■■V ^~Aj ijjjlsjUat LojjiJtj SS^CAiILj 4jj_4_xuj 4 3^ 5 

^c-LJiJ V| La 4 .UJJ- 4 III ^jULI (jl 4 ~A ...14 tJlj.al3 t^j^^LiXI 

JSJ t*'ij ->. ijlll (oJLc jjb (^jix (oJlx 4 JLus1 lIjIJ j_:^j_a 

kliJjL>Jl j i^bTI jijA ^^LlVI L.3^ialjd!l )4j (Jioja 4ajjLlrill 

j^lJI 4 3ILU 4 _jJL!l1I 3_^£L^ l.bL.&oL^ '0"~*J) ^‘^ ^^LSLll Ijua u! 

jijAj .((1^ IjLiiaj 4»j .U>!i dJllA)) ^1 43.3!l 

4« ^UJi (ji U^ i^jLlIj 4^liLl1 (j\j till 4l^j A i3^j 

^jLa 4 lU jj 4jl {jji Jlj^ ^LaJI ^Ls (jr^i fcJLc ^j«4 4jr m 1 Ijl 

\[ iJ^"Ji \ j ^ ^" 1 " 4_%_i.uJj1 tJlualJ Lo^ i jjL^Vi fjjLIa3 1 ^] Jl>^ 4_3l_ui 1)I i lil^La 


(j-iifkt (jl ^j.^~iij jLi^-lJL ^4-uJij tklUjk^ LuajI jjuaVl j-oaIIIIj 

VjJ j| t4jlLII Ci.L>j 4.7^^ 4.3 j^.LJI L>^ (J*jA 4^1 uxbis i^jdl 

iJJLLa C.4-jL^ 4.^i^«jl CajL^ La J J • 11 lLUj jLiJa'iJt IjLA 

jl • -^ T*^'j ( 3 jl^Ij 3 Jl>.j L^Llm^ LaJUvjIl^ ^i.V i^Vi (J\J ^jr^i 

CiijL^ I g i.j "fci. 4 jl-LJLa ^A l.^ «J L^xIj-lhS (J^LjL j.a ^ 4.33 3Jl:^jJ1 4JLA 

























^L>o1 oU^^sm ju^ p ‘ ■■ ^ fj^ t_<-A jlj ^L) L^Lj^^^La ^ ■ ■■ ^'" ^ ■ -' 

.^J\\S\ 4 tl^r c/V ^l)^ jLiiajQ 

<1j^Vj^. La (Ja^ LaLo-i ^Ljj^ ^l^i2l_i.uja ^l3jL>.j LujJ JuJ-Lc-j i^l i nS iVlj 

5 A.,.. 5«11 d ^l^tl It* ... \ V d ... oL-tJaj Lo-^i^ 

»“■'*■ ■ i I J 1^ j *~ j t"T 2 jl_>.I^ d A . Oj. jaJ JL3 L^l ~ jl'v. 

aLu ^1 j ■ ■■ La jjbj 

' L * *~ 1 j * " ^ I aj-j^ VI 4^4l£l! 1 j \ L^L^ I lLi i^_ya ij^^SLa 

c--<j—i-oJl j-A tjL^ j-j-jljJI jjJ jj _ ttiJjL_>Jl 1JUA j_yA jjjL-flj (_yi^ — 1 j j ~i ^ 

La 4 Lt^I td J uaL>fc ^1 4 j •a*. ^ Ij^ in i^L—t^J) 


\ j j * “ti (ju^La Jui-j jl ^j'U-uiJI I—sVI JLftJ 4 j ir 

Lr^-h* ^ LT^! 3 ^ ^^1 jj-L“U 4_i 4n 4 ■a-ii«Vl 

dJ-^J 1 Mliji'^I j j "U j^^IjJlII LiJl->JI 4_ftjL —a JjL^ LujJLp^J ^Lu 

«.ijl c^lujl Laj ..^L^i JuL^ . .IaaU u.A^jJlii (ll)jjj dj^,</aJl 

4.j%->JLj UI V j! j d !1 ^i 4(jUiU S !■ j ■•■i CjLLLaufu ^^,.4^.a.i 

Big b^ng ^aL-«T i jLde^^l VI ^ ~th ^ 4-1^ m ^-^LLLLj 

IjlA 4’i i»j.j,'i j-ij ^ ^Lx. \ t ,V ^ 

^ V^t «Lua-^l jLuL Ijlj jlj^ ^ ‘ -■■! ^III "it (jj^l 

^^1^1 1 * ^!I |j^ I ^ J... Lajltc-i (jL^I ^ I J ■~‘V' (3l '^11 o^ 

dL^~ A l^j 4«J tUll ^LLj ^iVi BjuaL^ ^1 .. >"i Au 

4^1^ 4*11*11 ^Ind ao iljl-B^LtJI dJLA ^1 (Jl i^lVI IjuAj ‘ ,‘.* I ^ ^ aj 
VLSLuil Jl^L J- ^‘ * "' Cj^L La^ -j « " ‘ *'*• "" C^lj Laj idl 


JjLfl JS" . JL-iJIj ^__^-u-aV 1 ^Ij-X J i5jjj__c. 

dUj ...I Lub dL-aJlj td_j.j>. ojLS LLa ^Ijl-J1^ ^Iju L^ juV ^1-^ ^Ijl-JI 

1 J-S« "T1J djjlj. . ..VI Oj^Ju d Ui A\ i^JLA t .Ift i^LsU 

jj.-tiJI jjjA La I A ^ a"i i»VI^ ^jI j_jJ_*-AJ .1—aUoJLl ^L^ 

LaLaIj j1 1 a 1 si" CjL_ajlI1j 4_L.j.>JLI t t . 1 •" \ 1 jj L~! IJ 

jl^U ^•" '■ ~' V lLUj c7-^3 -*'*^11 jujLifiiJI 5i j'^iTI 4^L3 

L^1 JLu id^^-ujLja 4-A£_^.laj - ^1 dj^-v. jl ^jL^I 





































4_4-i-ui1 ^ ^ j llj . I“ j "i 1 * "t i ^*i -r 11 111 i^yi 1 ^ m rt i 

cLi-^l—>J1 ^ j t-Jl IjlAj L^3 cJ^ Sl^>«Jl aJJt l3^ 4-^_u1—1-u^I 

4j o" ~v 4^1 j ^ 4 ■ 4^*1 2j_uL^ 4.dJ^J::iJ jt ^LluiJL 

JL>>lj t A ^1 idUt ... .tl ^Ja 4_L^^.3JLI w * - ‘ ^ ^ ^ i^LseJjjVLj 

' I ^ ^ ^\ 1 I I i>c- ^ u I T ' ‘ ' ^ JL-UU_lII I i-U-d ^JSLuUiJ 

ij I u 4jI (jI 1-i-A <^l4> V .0 4-iSLl J1 Lo^ 4 j 

^ j_L^ Li^J ^jltll 4ljl 4 t 

LjjV 11Ld t ^ ^ 4vi li 5^ t LljV V . d * J ^^Lt^! 

j^j_j ^ i^Lj_ujVI ^ * j ■ ^ ^ ^ ^ f^j-A 4 jlr Ij J 1 V-A J^3-i 

(^jjJI tj-\J^"t (uU (_yl^ ‘ij^ L>^ (3.‘ ‘ “ ^ dJULja Vj 

“ “ JI 

j i I mJ 1 A*! >■ 4Jeal (tt ill ^Jlj i. 0^1 ‘ (J^ •*> 

4 rt jd "»■ j 4ji-^!l 4 S-v uiiij ^1 l^J-* C7^ t^LkJJ 4.»SLjg jU 4 ^ ^ * iJLj.d-ftijJl 

, t>aj (j'^1 t>!tj (^1 SL^JI 


^iiit a«i 4 Ji ^t\A cpAi^t lUyi ^ 

4_a^^^ <^-li..**li (jru^L>a «Lua-^lj ^uiaAJI jLj^ i)}\ JLaj 

4 Ja.j.«.uJ 4 _^La_ 4 ^ CjLuiJ (j1 ^* i^jljLa^ 

^ ^ ^ 1 LqIaj 1x1 Lt^3 ‘ 

4 _it.L.til y tjub ^1 . L^ULaI jlj^I ^‘^^ o^*.' 

_ CjLIjISLj L-dj.JU \~A j1 RNA 1^^^^ CjLjJ^^x>> oj^-jud »l_i.?el] 4 .1 5 .1 j 
>.v—«1 (^1 t^^l—c, 4 tiji j-tA Ribo-organisms 3—^ 

SloLA t^jL> i ^ I i hJ ^^JjlLoJ IjUft ^~ ‘ "1^ 

lLUj Cxx^J ^^x^LijJlj CjIj jJJ 4 _L.aj^.x^lj 4 jjlx< jSJi d > j .UM ^L>,Vi 


'vJl djUl Ojae-ljf 4 jLpoVI^ y "iH ^1 dL^j ... ■!! jl^l 

(jVl jj-jxjJLl DNA LjjJI ^ j 1^ jL^ (_y]j 4 1 iMj (jLS *Ljj 

3l j >J1 Jjusl 4jlj (^jJI jJt Ijj ^jl 4jj! uiJLjjkj . UL^i-^ 

(J-4dJ ij\^ Ljj (jl JLdJ^ . 4 lijdVl (jiaLd^Vl 4 U^ ■ .. I tl jl^l (Jj LjjJl 
Transcriptional^-uiU^ ^ V *~*"^ ^ 

I^LdjJ (jr^ 44_£.^ ^jjo ^ ^ ‘j ^ ^ ^* j* • ■■ ‘j iCatalyst factor 




















^diUI 


^ I I .".VI /^ *< . .. a a\ I ^tt ^l-A_tJ «-^tl ^ I 




-O-Li 


(_ySij (_^ i^L^ij ij 1*^11 4_iiim Ljj ^ji 4tuA,m 

UjJ (J^ L>^ 0“^ (J^-“ <“ | ,* L)^ lJ^ l-i ‘ *<ft4 

djjj^ ^ ^ ‘^ *.* 4 _l<4^Vl I I'm" (Jjj-fcy.11^ 

(_yj3 JLt^l 4i^iiij 4^1 j 5jLa Uj (jl jU^I 

Lo ■ -_> V ^ilijJ^ t4l^id CjLcLi-u ^I iJu^ JL^ cIj^j 

4JlA i^jJ «4^1j tt *i iiiVlj ^L2^l IjJ|^_:^j iJ ^ J ■! ^^ l^Jl^I 

Ci.3t_>tj ^ ^ s’d i3jLl4^ ^'j oL^J 4 j^_jj^ 1 cjLjjLSLlI 

^ J '^JU ~ 1' Cjj-j^ Cij iLjJ \lij 4 ■» I >i‘i 

Urscil (U) «(^» (Jj_ijjljj_JI ^ i^jVI 1 Aj f.I 

Adenine (A)«i)) o-j-i/^> cr-^j jlcI^I Ul ^Thiamine (T) 

t ^^ Cytosine (C) «(_^» ^ “dij Guanine (G) «^» _i1^_^l^ 

. ( \ <iiii jJij!^ ^ ^ Ljj (^y-3 c<jI^ Ltt^ Ljj 4^15 


I 






I 


i(o) jr^L^ ^] (^) 4j'ij AjI r*_*■•>• ti^LUl 















(jl j—L-Cjl-iJ ‘ ^J 0-* ■ ■' \3\-u J Mif Ljjj 

(jr^ 4-*-u-iiI Jji^ tjt Ijj Cr^ Lr^ ^ '» M 

:4_C.lj_ii 0 "y 1 LjjJ Iji ); I A jLi^ lii ^jjju Lqjjn^ LjJ i JU Jl-'OI LjJ 
,(rRNA. itRNA imRNA^ Ljj^ Ljjj Uj 

S ~1 LM IJ ^ J_d ^ 1 J1 ^ 1 C7-^ (C-^ I C-iU—LJJ Q i_d I jL^ub J 

(3^-^ J- J L7^ 1|aLj^I ^ .~. 1 ^ " Clj 4-ll_ft_4 f*. -»- 

jj *"11 (^ljL3>iV j-j 1-^1 ^ ^^ L^Lo^ ' >j •“•• ‘‘y ' ^ ~^^ 

jjLii L^L>.lj SjLXI LjjJI ^jVl t~M .<Gll5 

jhjjL^ ^^L!l11^ ••• ^ * ^ ■ ■■ * ^ j ■“■ 

. <C.JJ I 4J (JjL4_^ 

4_^jVl 4 j^_jj^I diL-ijl^LIi ^JLA ^1 4Jc3L_i_u_LJ 5_ . 

( LUCA) Last universal LS'^J i,o Prokaryotes 

j^ j^'\ ij-^Vl ^ j,-"-,J:...U ^LjiJI c a \. Jl jf common ancestor 

L^jLo «L1 j ^ _ Aj LtJL^ ' * !j~"' 

Lo^j ^ 4 -^Li jljJll jl ta_^ljjJl 

4^1 I A j<t1 cjU^SLJ. 1 udij Antonio Lazcano >iL^ 3 V Sj 

prebiotic soup -»J l ^ cujL^ 

t wLsj I L^ajl 4 <.«4n’> ^^^Ijuil ^Lcn^Ji .<._a£^^SLU 

^LSLTiJJ 4 AU d’) ^i.u ij 4 Irfc^m. 111 ^ J ^ tl O^Lcl rt.lJI 4 1. ..L .. 

jj-fl 4 \. ..L.. ^.v ->n~i CjIj) f)iij ol^_Li-« 4_j_^LjLjj ‘j 

^^^AijSLjaj i—^<wl«ijj llj dijl^lAlJl 

tIjLjjj.j>Jl ^JlA j^L"n . I^l"i >a LoLqj (j^^J Lj£.Laj_^l 

(_^SD 4_^^LI,I <L^Ljy \ nil ju^Lb Lj ^ ^ j 

U» t i oJ^ajLA 4^jL^j ^^3^ Lt^! 

L^ (j^ iL^Ld-ji^ Lt^ ^^lbL>u 4 I -V. 4j_i^La ljufe ^jji 

.«LlA]l L^^jj (jri-C' 41 ^aI -*.tl I ^ Jt \ ^t,i) djjL^I 

i4j_5i 4^JJ (_>l3l a'>.l t>® LJ^ ijJLJtJ 


^jJbOJ 1^^ ‘cr'J3>J ^Lul SjjLoJll t^ o^J * ^ 

4 Ira J III ill 4—» 4 ill 4^1 1 «Li-J CjLLl 


‘ J> J- 



































jLiLj i^jja a1^[ tc ji 4^jjJI >-Vl 

lLiL)^ 1_4..jSL 1 i ^ aUtj ,.. lit -^tl «L.2 j * ^ " * 2 ^ ' 


;l .r. 


*4 Ir^j i III lIjII^ jj^iL-TKil ^jla LIj 4 Ut^11 4*ij iH 

c>^ y^ ij_x5 ^^i 11^ 

LiJajI j^^ljLiil 4 \_jj uIjLojjj^I dJu^ ^LLt^^->a1jl 

j \ t iij CjL^f^-^y W ^ d * ^ ^ 4 ^L^->ij 5.1 n • a Cj\ i 11^" 4 V 

o-iL^ 4 .jJL>J1 l1j^L^L5j tdllj 0^1 

^jSUl ^L laJI OjL^ 4^1 ... .tt 4 j^>l Ajj .>^> 

ciinj 4jLii:i ^jU- ...\ •:!/ ^^jji ^^ ^LM^y\ ^il^ 

.4^1_>J1 4_jljU Cj-iI^ JL^ IjlSL^j i4^IjlJ 1 ^UkJi 


• 1 


I Mt mIaJI 

jLiS (jl^ 4 ^ a 4.jj-:^ 4..4Jj.ix!1 a.X^ 5L.;>Jt 5U!uJ 
^jL4} ^^ ‘ “ < c ttt ^ ^ ^^ St3.nlcy N^illcr ^^j ^ t ^ l,^^ 

^LjlII 'g-fclfk .j u) 4 »jl^I_‘ y.i H 3 .roId Urey jJj^^Lib 4 -j,.,,yj^LlJI I 

5Lj->J1 SLAj «Lijl LaJjJVJ * A~>ll i ) L_^J^lkjl L^ 4 \ ^oV 

J^-5j ^ a 1 4 i J ^ T t ‘ ^ ^ faUJ-^ . I ^ * A 

j-j^ 1 j * 3 ^ Uoi^^ ^ 4.j_>ji 5 jLii 4j 

^jJ '>■ t<.iJljLjT |»Jl*J jy^i^ «ii^jVl Lb. i V"i<Mj 

jju-i-iiSLJl (jLI.L_*JI 31 3 L 4 ^ L>~ tl 3 ji —Aj v-lU j x —t_i 

John Haldane ^IjJLa _:w _J'j Alexander I. Oparin 

i 5jju 1 rtJI 3 ^ 1 ^ 4 ,\j ^ K .^tls»LLI ^jjj I CjL- 

IjJlji^j L^Li-lj Cjlj_^SJLl 33 -^*-^J 3 ^^-^ 3 ^ 1 "**^^ j 3 * IjJa^V 

^Jb ) 4 Uij ... 4 4^1ja I Lb^ ^yij^ 1 y L^ (^ \ 1 4jj j \jja L^ 

JLjlj 1^ I CjL l^J^^-dJ 4 j ...^I 4 f ill 1 4 j ij^ VI L 4 •>* VI ^ I i^^ya-A 

l^jL>ij '“'*'*■ ■"■ . t.djUo^Li Polding 

^L*JI J'*■ 4 jL^Ljtj Juan Ord LLLc. ^^ ^j ^^ 3-1 


J» • ‘ “ 


1 4^jjj 1 (3 ®Lb^^I (.7^ 1 4_5^l^t I 4^jjLI 1 J (_3^ i ^ "I ^ 

I^Jl-L^B-Lj J-^L a 1 ^ i , „| f^yA 4^1 I II ) J-^^1 ^1J-4 1 V ~ < IIJ ^1 (_3^ 


•• ,,V1 


J> J- 































Hydrogen cyanide (HCN) * j .v jM—j i_3l 

i4_jufcjL-a tH20 (_y^ Ammonia (NH3) L^>aVl 

jJi-ju Adenine «t)) 4 jfj j* jj 

tjj-jje—a ^c-At t ^ tj Ijl^^ iUjJ Ijj tj’A-^j-LlI iji ^ ■fc'U t < j 

...\ (.iJJj JL-aj ^ ATP A . -j ^tl 4_^l_LaJJ 

V J ^ ■ '■ jL^ol >JLJ ^ JL^Ij.^1 4 j rt 1 frl Itll 

I jj flj iLiJij^T »11.1 '^d! **j d 

4_j.2.jya^lj 4.^I ^ 4 ‘ 4 j^-u^jlII (JjlIu^ VI ^ ^ J " < V 

C_U.£>J-^1J ^J ^ i^tl 1 ^ 4 v L^ ^ L^ ‘Lt^^ •'tU 

' do-^ ^T .i" * 3'^^^ i^'LIlo La 

(jl 1j-UaLJ .(JJIjuT 5Uj^1 i 4 itl jj-^ (jj-^ > 

LajLi^I (^jJI ' ■■ lIjIjl) ^jl^ 

juLjj . jjl pLS .Tl ^La^LI 3 "*^''‘~ 1.^^ dji^jdl i 

3^ ^_ySj (4^Ax.£x 1I1 LaJj^ 4^^^.^! La] ^ t,ljJCljtjjjJI JuJlsJI 

(^jji si J >»!i L 7 ^ 3 j ..x,^^.AjiJi J..AU (J-H^ 

j^,,larJ \ LT^i J ‘~* > U-^ JuV \JlA^ .aLuaj^VI »ijlr>~miij 

s > 

3^LuiJ i,.*a..r>. ajVI 4_£,li.iv> ^^IfLa^V ^2;'\_luJI [S'^^ 

. IjLu 1. ij 4 L-^j. » ^n 4.u-iu^Vl 4iJLA 

4_j 1.^1 4..jju_aVl L^"!I 3*-^ ^ . ..i 

3jJu^1 ^ (1>^J -t*1 a .^."tij jlj-o-jl^I ‘ ^ ^ '^.' 3-^0^ 4... it! 

Ljljj (.^-^ 3jljI3^ 3jujuw ^Lla£.l 

(j^^Hl Ljj c>^_9 * g^Lx c.^ 4 ^ ^Ljjo 

*5jjla!ll,l L^L-iJl ^_yja Ljj ^ It 

3.4jdl 4 a J i A ^Jl-V'Xi t 4 o L^JL>>Ij 4^lji^l 3 jUL1 cjIju 

i". i ■>> g . 4^1^^.AlLL«Vi I ^1 I lAA t CjJl^^ Lo^ 4_^L^I 

t~a i J ‘"*f ^ ^ C)~^3 ' ^ J V " J ^ ^ ^' t- ‘j'i^ gL_>> Li A ^j-4^ 

(^^l 4 J^!l gi i *1 '»Ji (j-O I ^ ) II 3*1 <L_d^dl ^ t 1^ 4jjj Kill 

3jljJL>. 4_ajL^j Cj|j 3 JuJl:x CIjLIu^ oIjljj « L^ ^^j^ijj~ j i ntl 

L^jJ ^1 4t^j.,. ,\\ A j*a I .n a-ii^Jt viiJju^ ^ cJi£.Liia3Jl j[j) 4^^ 











































jIju i I, >j5tl J3^ L7^ J3 

I ^ lal 4 <1 jt (^L4£3~*j “i >* * cll^Lc-L^ajuIt ^Jl_AJ i t ^ ^ 

L^ 4-L^-i->iXI 4.1^^I M" CjIjlj LIa l>^3 * lt^ J a 

4_Lj_JI (Jx.1 iijjLjv^ i ^ I^^ t ^ j ‘^“ 

^ * LlJ_i 4 I IhJu^LaJu LaLj^ ^ ^ 1.1^ ^^jj%-i-U 4 _l1^nJ 1 1 ‘~ >1 111-\ ( a 

Jj_>ij ^lU j J -ifcj 4-al.^l ^ .4 j J-^3 ^—4:* tZjijLj>.^l 

^LlL^JI ^''j^“ 4 ^Lc. 4^L^ 4.^:>-jL^ 1 4a^jJI 4^LIaJ1 

4_j1^^JI CujL) IjL)^ iSjUjL^ <L^L^»->^ L7^ 

^ t... Tl .4_^LLaJI (jy-1^ ^1 ^ L«_^ 

ij 4^LL^t 4^1^. ^«>" 4.ji.>JI 1 -.^ . .^t 

^j-a^l jJL>^ i^ti tJj*i <i "itLj <-iiijj 1 4_j_i-Jl (j 11 i“i (j^ 

l^j^l j ^ ^^ • - *tt lUIjU Liiaji 

L^jLa «U 1~ cLLI tjJji OJ-^ il>-* Cj-al^ Ujj 

.,Ljtf U Jo^lu^VI i .L ^LftJJ «Lulj^l ^^LLL 4_ul^^l 

Jta^Ll^VI t ju3b i i-t."■J . Ju, i_:^H ^tj^l 

oij—2—UlL- jj -^j ^ ‘ J * ^ cJuLl^j 1 — »i ■»- J ... 

(^1 CjU-i-L^i^l 1^0 L^J^J L-,... \l tjjjKUjAlitnchnncirh 
4_ii_>Jl 4 j (JLo-j^V L—tA-aiJl (JILq-j 

. 4_u VI 


-Eukaryotic Cells i Mta^l M^ill ^Vi LHiil 


^-jJiDJJ CLlljjJajJI ^^_y0 _1 1 _l iJt (J7-^| ^ J I^UJ (jl Lli^ Li-1 

4 I ^JtJ J_ lII ^ ‘4 j ^ ^ -»>M 4 j^V| Cjlj _>iJl I ^ ^ K 

.i12Ll^L- 4 4 t ^L-:^ Lynn Margulis ij^ 4 ^iSL^Vl 


tijlj L^L>J 1 o-i-u^Ljj^iSLJlj 4_iSlj_^Vi 

4 ^iiJl tjfj iProkaryote jjLSb^ 4 j a '^tl 4 JJjVI 

. J > 1 “X II I jla Lr^ ^^ ^ — Eukaryote 4 j a^ s -^tl ol j 

Lt-a iH 5 jL£. ^LqJuI Cy^ ^ 

(Jjj-Ld (j^J • iiLi-aJl (J^l^—C. |»jL-aj i ^ It 1 Cjlj^_jx-4 I ^ i a (_^ Li 




























-LJL^t 


L>- ^ i^Lj^VI 

LLaj i j "W jjl ^j-u^LJl (j-iaJU ^ ^L_dJuVl I j-A 3' ^ Ur^ 
t j ji (till (jlj i i JL^ 1^ J• I^ Jj I Jul L>^ ^ 

^ ^L^jljVI ^^—j _L^l ^ ^ ^ 

^ T ^ ^ ^J ‘ ^ i'-"*-1 (_7^^ Lajuw^ CjL i_i.j>«J I t i^iTi 

I^I^^Jl!! c^jt^j 0*^3 11 • a jr- t^~ti jj^L^iJi ^jla lZjIjlj ^ ^‘1 ~“J 

^ t^L^Ji ^ 4 *.* oj^" . \1 -w >Vlj 1 i "U ^jj 

4.^1j^1 djULl (^^^‘‘tJteJ ^ r 1 Uk<-1 3j^L^ lLUj JLftJ Cj. 


CjL 

(^) 


1 


CjI^J uiLljuj jU (jrAlL^i>Jl LlJ^ 1 ^ i II n > 

_ J Tl ^ tlj J t lj^.i_>j| c^jji Lbj_ftj .jj III i'^fi jjL^jlII 

Ljtjii t" (j! 3j.^ Cj£jJI * ^ J Jutj jj-^"^'J 

S s. La", a d l^J . ^1 4^jl 4 J ■>■ cIjLaL^ ciijj ^ ~i i~ 4 uliLs-o—jl j^4. ^ 

4 lj.... (^1 J^ Lj^Lkll ^iiian <>0 iMulticcllular b^LiJI 

uL)1^_L4.«a O^J *C7^) <S^ ■ l.icL*.4 i i ■LlifcJ 

(J_^—^ I Ii4-^J i UM-^l (IrV ^.J lii. rt* L^ll • -n "H p JLft 

Charles Dawkins A." j ; utl LjLJt_l^Vlj 

cjjLb^ CjjI^ L 4 uLjLj^^iJj^ ol^j^<vAio 

^la.^ a ^L_JJ V ^jl f^ylju^ (j^^^ajua V ‘iTI ^J—Sj (jA 1 a 

. t oUjjv 4.^jj^ ^ ^ Laj ^ ^LiJ 4-i^^ ** J J ■ ^j-a-lLj 

4 ^ 1 j '‘ ^ ^ 4 ijJLi^_ 3 I jj 

tL^ J Jj (_^L>. (<u>jl 1 g i j CjIj^X 

^^Li_aJj jjJtaHJLj . IjlSLaj 4_cmij ^L^JlII 41^ gia 

BjJulIa 4U>j■.. M< CjLijLSLjl cJJb otjU ijLj.:^I ^_^jLj_ilaJ 1 i^LieJu'^l 

4 !^ ."■ ^ISiJl f^jS ^LjUA£.1^ 4 A 4 •>- I I UjJ! ur^ 


• (J^ LT^J ^ ..SUtTl 4 tj-^ _^j)>'in a- (^aljlJi 

Jt ' “Z3 ^^ ^*•" * 4_lL 9Jt ■ J^ 1 (j 1 * 1 O^ *—‘-^^ ka^ 

^Ij-i-u i4"i M l ^_y3 jJJ^ l-l l-*-p LtiajI ^IjLIj i.£Uj 

t4 J 4 ^^"ij a.t ;^jJl lt^-9 11 41^^ j\ 4.jJ^JI I 4 " ^1 u\ 

. 43^j^ ^jj| 1 J**- Ij-l 

































^\ J3 ^ "t iJ tl ^ C M rt‘t L>L^1 

,Vj>^ :>- dJ^l^ ^LL^j SjjL^ ^ * A • ^ tJljVL.u:ul ^ li ^ Ij 

^ OIJlJ^ 14.Ia_l_>«JL I 4.J^-l_tJ1 ^ 'V~ * 

^ <4**jL^I cJL>-jJi ^ ^m 4.^1 i .nil 1 <h V f.L^ 

LiUj L7^3 idjl —o ^ * j .l-^tl 1 ^ «Lj_;>«Ji CjLijL£!J1 CjIJu^ 

a " (ti^lj ^iux I tn 11 c^l -V "t iVLj jjln~Il IjlA -ijJ 4 t j j 11 j * JJ) 

2>^-jJLJL1 ^ j (— b ^.«a ^j■ •■_> ^^1^ 

aLu-uoj Lj^'L^^I (Jl^Llil Cj^Jljij^ tTiT j ■ j ^j d ' "J ^ 

i^LjVI 1jl>> j■"■ ‘ ^ oi^ ■ ^ ^l~.^ A .“.1^ A i A • A ^^1 

(^jJlj i4i^lj ^_^ljjJI LjjJI ^ t A j 4 J.^30 1 ^ i^ I 

IjjJi IJl^J .^Vi ti A A ^ ‘ Ai C 4Xftl^ ^ 

^ 1 a j ^ ^ A Lajjjj 3l^_iJI CThromosomcs ■"•>1 j * ■ 3.$~^ ■ 31a 


iJ < .1 p j 3 <> J-A (^jJl (>t C (^-3 4jwL^ LAj_^JLj (4-.aL>Jl 

L^JLt^Ij cr^ L^LoJ 4 ~ A lLijLj 

4_jl^iJ 1 j lx. i^JSLcL) 4.JX JL.>J I 4.^iiKj I \-i^ Ox Llo LS uili ju La^-jj*. 1 

ijjL-^J o^iLS ojj Embryonic stem cell 2.^r.\^\\ 

^L\31 4jLjl 1J (J^L^ otI> (,j-6^ 4 L\^ni jlL* , 1 III ‘^Ti 

• 3jjL"." 1.1 j ^ ~.^T1 I ^ j 4 LuaLAj 4 ... ji! 

LL) L^L£[J9 i^^LoJca ^\ 4 .^4- ".a oJlj La 

L**"*ia <1 .lL*tl L _._. \ jLl^ ^'t . ^\\ (^^^La i_3i.>Jl 


O' 




oLi^jJ 4 1^ 4- ". 11 LyLj^l ^ ... -^Tl 4_^t ^1 " -^-j La 


Cfaal^ JL^ ^ JL‘ ‘^^ 4^^. i-^ti 4.JL^l 1 ol^ 1A^ i>Jl 

1 <"il 1 1^ < itg 1^1 c-t ja 1 (jt l^ (J-^l LT^ 


Lse-O-j ^ 4^v~w dj\-w, ^ ...^tl LLij L^ iW,\ 4 j. A*1 tl 

Sjj) 4 jLj^ aLU 1 In 3"* •»■ g JLuij^l (IjLp 1 j a r (Jj^^j 

^Ljjfc-i La ^iLt". ..n j 3 1 ^Li*" Adult stem cell 4_tJL 4-axjL:>> L^L^ 

- frl glill (Jj-4J ludJj ^ C7^J 1^1-f^dl j^JO L!vLL 4^1 ,1 lu^ll 

dlj-j i^jdl ■ lSiU (_^l>»J 1 JSLoIl ^j| _ ^j-g Uj-Ol Lo^ 











































.".VI A ^ d i ■-"‘■Jj. i -V. 4" tVj t dk j -< I 

^^ * i^j ^ * 4 . 43 -^ 4.^J^JI 4-LiAJij .4^_^VI ^ ^1 .-441 TI 

(jl L-jl^ lju jJI dJUb Lr^ 

La ^^.juidL^JI t ■ ^.'v. ct^ J~‘^ j-^ jLi_u^J1 

.^LftJI ^_^->J!e-41 Ji -Li uJw VI jjb 

^ (J^ i~aj 3Li^Jl 5t i^iiJ ij irt ill ijji It L-a-j gi gUll af j 

jjjIn* 1 \ ^ ^ ^ 1 a 4 il f^j,au.A.icZ. tj^ I la j JSLioj 

4-j2jj.^1j 4-^1 _La j^ll 4 <IU11 ^Jk-oILxia j jUll <^lieJuVI_^ 























t ^U « A 


La 1 ^ < A , ^ L —3JI oLijLSLlI 

iUnicellular 5 .i 4 ji^ ^>a 

L4 1 5''J ^ Lj ■..i 4 _t_>Jl cjLLjI£L11 

^_yjl ,,ij rttiti 4 ^jj (3^j L^L>JI jjL^ 

_^1 SjljJii tj t" cjLjuLSJI ,) ^ 

^ ^ y L_a I ^■i..4 ^<u .Multicellular 

JlfLd ^ CjLIjISJI 

^! (^jl ^J^ 

JLA^ L^LkJl ^ *“ > 

'iSj- Ajl*^ TY * f^jja j-^1 L^j 

J^.AjlAI! ^^ L7-l^ 

L A^ 'j ~^\ ^ < lALirf^ At 

AJjI 4 *<lii Aj ti^a.11 L^L^i (^y^j O"^ 

La ‘La" 1“ L^lft^J t A^A.Jfc-Ai 

^^^_L->JI 3jL^^ ^Juuij AjljJLi <*-A^L I j^JL) 

cr^ i1>jL^ Lt^J • ^Liil OJ. J 1 ^ A_:xjJlj Aji j 
(jl JU ^ (jLxiiJ^t (JiLo V jnt"<H ^_^j) <^A A_:wjj 


1 ^ j ^ jb 1 J I j I <jj» 


I j1 ^*.. 1 ^. 1 ( t 







jjAhh < ji 4 I 1 












II 


^L4 j Tt 1 ^L-ujVI ii iu-^1 Ij^L^I jjlc. Ii aIc. 

^ V i>^!l frLLiJl IjlA LiJ ^1" '>• 1 CjLj^ ^1 

^ y tli 


S ^ 

i«.Li_J1 d j ^ 4 f4 i^jJt ^^..u->tJl ^1 j-'* ■ 

(■LLlU ^ I -ml ■ u Vi 5 Jljw ^l—LiJI 5juw^^ I ■ V . ^ -^tl ^L-lLl11^ 


(.LLiJI 3Jl>.j i JuJukJI jI ^^.A->J1 ^ \ ^^.yaJwVl ■ t->. 11 I_Jl^ (JlLa LaLcJ > ^ooIoAil 

5^^_i_>»Jl Is t j l^j11 ^ ^ ‘^ 

(jJl Cj^^-Lu 4jL_3t_^Vl *—flWl (-^Vl 4jl «-“ 1 t j \ 

i^^JL*JI LcpL^jI L^4_^I (JL-3j ^jlLII 4 Sji “ tl 

tjL^ -* ^ cj1jl>-j (j^ Lo_^l ojuvjJ 

Lx^ 1 4 ^ «L> 1jl£L^^ . 4^,lr I (_^jJI ^jl^tll nil I 

t4 jl*>[tl 4jJtx>>_^ i JL.4JU4 j i X *l13^^ (J I 

W • j ^ (>u ^ ^ ^_>. 4jj jl ) Lj V| V (_3-1!1 l^JJj 

^L-aJl ^_yJj 4»_ji.iJl L-fli *u " ^1 jji^ 4 .4_xL?J1 (3^3 3 " » ^ 

Jji ^-Aj i^^-*iu-c. ^Ll^I q^— ill Robert Hooke LiJjjjfc cjjjjj 

■'>Jl ^^1 ' “JU'^ .* ^ ^ '^'3 “ ^‘3^ ‘ "3/^ L>^ 

dlS".,..tl 3j_jjLjuaJl 4^LLJI vZjIjl^n^I CTell 4..ai^Jl |0-i-ul ,3^3 
Jij-iJI 4 i^jja <1 4 , ..~T1 <^lilj I 3~ i^i 4 Ct •>* 1 ff\j (^jJI ...iU 

jjl_5 4 JJI jjl i^jji (_yl^3 C>^ ^33"*^ I gj 4 ^j7ij ij (jyxJI Ojjji-LaJl 

ijiill LtxJra-tJ ^1 jljl ^4jLse_i_uj 4jl VI t^tJLa 3 jL^1j ^ ^Li_ujVI 3^ L 7 ^ 
itljLj-uoL^lj ^33^ ^ 3«t 1 ^Ll3l 4-al Jtitjj-uV 

.4_4iJl ^>LJiJfc.l jjj 3 y' 3 -^ 0 -* V^' 3 ^' Ls-^ l5j-" ^ o! ^! 

3* * .< j Aj jjlx. (j^3 j t ^ ^3-^ U3^ O* *-7^3^^ ■ X 3 ill 3 ^'^lk-^ 

Li_>q ftl^-^Vl (J^ < 1 1^~} ^ I L 4 3^ *.* (J^3:f Lj~* **" - IjM-^1 

'^^3 |^,>^u-AJl^ 3^"“ 3^kiija 3** 3^ .j^isLU^Vi i.„^n 

j t-CiLi V 4iju3_>iXl ^JLu ^j^l 4_L3L^ 

3'» > 11 3 ° iL^la 4 _L.u1u a %) 4"< ^ ~i) L^t Vj i L^-jJf. 3-±il J^-jiJ L^ 




















La tjl Cj-^_$ ‘L-K^ 4 i'^% \ iniUj (_yjcLcJ^l 

^i ^cLkj V 4jj_^_j_uj ^ .lJ iTt . 4j j^-* fjj t LjaLqj Lli^l J 

3JuJljl11 CjI jig tTI ^J_d loiljJI SIjl^ J '*-JJ t jj ^ ^ J tli" V 

uiij_jui 1 jjj L^j (j-«->*j ^ ciljLa , V jii«“ j_iil Sj-aaIIj 4 ■ xj u jX\^ 

^Jl^ jiu Jiitj clrj rtj 4 .a jl tL^ 

JjJ-ulII jjua-tJI "t-lJa 4 < il 1*1'» III ti (1>^ J fcJ uJ IJl^ i^^J) < n 4 

t >ti ^Tl Llj (.ifl \*1 itl^jj fri f VI 4 j ^ Lq-S 

jj-4 Iftj-jx 1^)4 1 ^ » i 4_^j-Il (ilj_:wVi (_yA 4-C.j <1 a 

‘ ^ 1 * ‘^ ' J-* “L' ' 11 ^ ^J ) 1 ^ 4 -* ‘ **^'3 f"! ^ ‘11 JjyAj ■ '-“*- .A_U 4-aLtJI 4 n jl^^i 

4 rt_i l^jJl cJilljcj ^IjLa^ .4 j^VI l^ja l aL'Jcj 

(jVl (j-4 (J-iiJj <■-! 1 njj JLi^I^JL 

Ij^Li^ {jC. i\n7t'^ (J-^ t kJ~i-^~t L^LiJI j\ 4j,l^ 3 tj^ 

^^^^1 V^La 1 ^ * I 4^fc4 t„i alj.Vj_g j),i^.*ii!i 

Cjl-i,*^ I ^,,4 ^J..4 .>«j «l 31 j I ^<.*v Ij 1 U^L^I ij^ 


Lajl-^u 4,_^_._.u1i,_TI Ij^4.^| ajjb L-fljL*.^LI 4 ^LaJI (_^L^5C,L_iiH 

Lj^L^ jI L-^i2Jl ^1 ^JLI L^L^ ^1 jluSLII L^aLcj t ^1“ 4." 

- 4j^ ^ c>*^ IjLA ^1 . IjkSLbj ..*^lJciaJI jl 

iLja j) i>i f Lja 4 _a 1^ . 4..?B_a^ L-fl^'i '*■1 — 3-^3 

ju^C cUlitJJ ^ t4 xunj ji^ til (_^ 

4 4 .4 111 fl 1 ^ .->*• !1 (^>-^1 (jr^l 4 jl-v ljLi:*.l t Jj 

'/,\*— "Vo ^Jli-aj Beta- cell jj.*jIj^£LiJI 
^-aLjj_Jl L^jc-aLjj-j ‘ ^^j ^ ^ Insulin o 3 ^j-^ jj-^ 

Alpha- cell Lili 3jjl sk a \ i^ji 4 j jwIj^5L1j 

^j_aj-A d*i ^ < I li ^j-a /.T 0 r 4 i 

(^IjjJI L^jt-aLj^ t » 1 “ ^ 1 Lajjjj /jjJlj tGlucagon 

ij-*'/ ^ *- V (Jj-w i^^^3 Dchs cell liJj j^j-4-i-uj 4j-i-uIj^j^Lij L^i^J 

( rthVi Lbj^ju ^^^1 Somatostatin "t «»t^L^i >11 
jj—ajj till Ij^L^ ^j-a / \ • _ ^ 4 , ...i i 4l~i all PP Ij5 L_>- ^jC. 1 <>ijl 

.(PP) pancreatic polypeptide J-l^>LJ1 jujl£. I^Ij^>£L1j Li^j^^j 






















\'aJr^ Jail 


cj \ rt " i"ij _ ^j--<» Lll^ 1—4-^ _ ^_i g j^l tjl 

Ij^^^LljJI L)^L^ ^ ‘ ^ ^ <Li^lj>- *Jitl.4-^ u\^ ^‘ ‘‘‘‘^ ^ >5iLj lII Lj^vL^J 

Lj^'L->JI 4_a-)j^l ^ ^ ‘ A ^ \ ^\ j_|£J| _>, |Jii_d I j ^ 

CjLLl^ 4^ » ^1"--" jjL^t^ I ■‘aj *j ^ iJ.lirL4-> 1 j ^Ll^l 

I—diI \j^ _>- V “‘ ^ iu\ L^ (_^ J—oii^u “w 

f • ^ • - - 

/■. ^ . ..lU \ A A 4 fl V S U>.~ A JycJj) 111 t^l l 1>1 ij ^ 0.3-^ ^J}^^^ 

t^_L^LiiJI ^ ^j-^11 L7^ cixdu^l ijOj^^)_JLj lIjLIjj^I tilAj ^Ijl^ 

(|ikjJI ^^£Li_uJ1 3 jL^ _^1 ^1 __ j ^ [^1 L-^^f L -w I_ a I 

_ ^^^_lL 1 (3.^ jLdl^l lP^ ~ 4^Ldi1 1 ^"1 ^ * j~. a. 11-^ 

4_4jL^ 5^a.^l L^L^IjjI jt L^l ^ I »1^ ^i <-dJj . L^Lp-il <>>JAJ Vj j^i-lu V 
< iitl c_djl-j|J jt ^«^LdJ 5^ a. i~i V 1 ^ a-l^iul (3 j 3 il 

^^\ L^l 3-1 ^ 416 1^ J-^l jJL 1 g (jr^ ^—4^ V L^l t ,< I, <,u 1 1 JuljJI 

- Cj L I jh'O I Ua 4jju^jJL1_5 

(^L^l CT^-^ 0.1^Q-i^J Cjmj^ L7^^ *■ " * - » 

L^Lx jJLlib 4 mil Ci^^l }(Jjl^Lj ^^,ij.,.^,ll (jjj 

L^jUa ^jLLII ajjh ** 4_djl-A «L^)) 

j^Lj « ^^^_IiJlj . 1 ^ '"'j.* (]/L?e_d 

t- j-**' 3jLt!uJ L^^G jl - ^(.lijVi ^Ll} oLu-^ (J-d^ CjLJu ^ 

~ ^" ^ "-11^ y " l-jg ^ I u\^ <j1~^ i^jl!1 ■ ■■ ^' (1^ ^^' 

aJJt ^Ljj tjo^ ^ "i ^ t4 jl^ll oLl^jf^ i ^"i i^i n "i tV 

(J-Gj) >«nVl ^ 11 i^n'i ol i i ">> *. k Cr^l (jJa ojljJLfcVl 

d ^U>ifl LjjlJI j*" ^ j d ^Jl 1 s~ ^X.V L7^ (J.5^ oljjJI u-ils 

^‘< jA ^"‘ ** C7^ d j"! >. t lujVI oLi.j'^ 

^ 'tlr* ^j- ■ «-LLi jj-dJI <Lli jj 4(_yJ| (J^9—i-uj Ljj 

J! ^d tjj t4 *i 4 O^GjI ■ i a 4 4^ J <4^ rtit J i> til jj ijj 

4-£:jjj^ t^jJl (jyB JLjI^J^ (jT^ j>^ 

— d_" tl . ^^ ' d " ^ ^ ^ * L^jlju^ 4.*^rtTij ^Ic. 

d <J * ^ d ^ 4j J) I^r J-^Ld fri 4^ f Vi L-jMj^ (J-~^ Lv ^ Aj 

L~<i d A Lj^'L^ Jl->.^ 4 III a) j—uajLil . L^ "J?! JuJ 






























leiJlC96^l 


i ^ tiLjoLiJl <Laj-Id^l 1 ^jlj 1 l^-Lr>> 1 4 aI" V a 

c'jJb . A iM ^1! ^UdLtJI 4. jU^I Lr^-*-4 l)^>^ 

4_^1^ LT^ cijUaii-j^l VI (_^-A I_ A 4_5_j_5_>J1 

. jLi_u.>JI Li^'L^ 


: (j\ILui-ij1 Oj^( ^ j 1^ 11 flU 4 0^ aj 4ij ay. ciJLijt 

4_j-4_At ^j-ifl ^ *jt Ijj^^ JLj-sJI ^jli) 

V Ljq (J^^ ‘ aI ^ ~tVl ^^IjJI jjL_j_i%jl 4-j_4-At (jl 4 i^ I i4_fl^^_*J.I 

^jjL>. V-J U3^ C?^! d .. x^tl 1 4^tjLj L^l ^^"1 LL-uIj-^ 4^jJLj ^1 U“ ... t 

(jr^ O^ j^jLdJl IjJ .^^_»-ua-!l lZjIjJlII ^Lcj 

j3li^~»J ^i LaS (^T gj I ^ 4 d j4j 

jjl LjU- 4JK LJ ^ t^ljjVI ^1 43l_^l tdirilj ^U, ijLijiJI 

. l^Lj^^SLaj 4 jl-Lti <^L«J ... ia\ LlLl) )JI JJLLmJ^ ■■“*■• ^ 





(DNA l^-i) ^Xija:V' <S^' 


^^' ■■ * V1 4 1 1 1T ^t t ( ^ } ''' ^ ^ 
























^jJl j-Aj t Cell membrane 4_AiJI ^Iju 

(jLui Jt a~) Lo-^ l^jJL>. L 4 ] Ajj i^Lj-iiaJI L^l^"':c -q t4_^L^I 

^ ^IjJi-Sbil (.li^Ll^ 4^1 (H I I CjJj£[3 CjIj y f^ya 1"« j 1 

^jjbjJI (j'U.d-LLa t4-jIieJJ ^Lt-Il ^jJ) 

4_ijIjJl-i^j.j^^^j ^ (J^Ju - jj A . ..j ^ti > t^lT iplfl 

oLi^Vlj O*^ ___«1-J_*-ll JJL>-^ ^ ■ ■"> ljLj1j_j 4jj *4 

jj-x 3.‘ ““* Lr^ ^3 * Lr^ij (1)^ 

^ ^ T t-y ** 1-4^ ‘ ^ j '" ^ ^jJ.1 

Ij jl Llj^L-j_ij_<-i-^ 4 -3r la < u ijtj--^ Ic-aLj ^1 ^J-a 4 jIj 


^jla . L^j .Uj'fcj ^\ 4 jl-^TI 4 jif. Jju Receptors or Markers 

Ljajl «4 jl->Tl tKS 4 (j-u^ t dl"nfcj Cj^ i dj 1 uJLI jl CjI x < mIjJI 

L^l Lo^ i4-ilieU 4j^.AJtJi ^ I11 ^1 4i>.^^ k_d^^Llla.L cJiilitJ f«-4ll 


(_T^ cJ^ 4jLiJCx dil.ia ti«!j 0 ! (J^ jLVll 4.,^ ^ 1 jJI 4JL>J1 jjji£L*j 

I4 jl^tl vUrt4 j. ^laTi ^Lx/b ^1 jJ 14 jJL 4 xJl^ 31j->JI 

1 4.xi,-^.T 1 ^-La .*it jIaj Cj^CxaxxuII jl oLa-xuI^I aJJh 

J I l ^ A ^^1 J 41^ ^ ■ J*t • 1 1 ^ . < 1 tl-^t l ^ tij^A I U ^^ 'j i I ^ t i 4-A^-X ■ l-N 

ijji 4j Laj gl lutll 3^ 4ai?iJl j|^ ^ . 4 j ti x) OL-iVI 

L^ jJ I S" ... 114 . ^ ^ 4J_UU4 4 j^1^ ^ C>^ \-A^ dj^g fl'i.iJiX 

4j 1^>J1 1 ^J^IjulLi Lxiajl i4_al^Jl ^jliu . _ (J * 

4^Lxx^ f-^^-LM cell signalling 3jLixVI 4.alxaJLl 

iL^ (Ji d~i iuIIj <4 J III ii jj 4^^.^^ jt 

> Ci ^23 1 nil ^1 ^JxAxcalt t 1 f M111J djI^^JJU 4^ UJA^O 

ji LifcjL>ijL) t *~j cjIjj^^:>- ^jja Cascadc (JLuajVI \jjt 

^J^jLi A. I a ^I-ti 1 mI Phosphorylation ^. ■ ij ^ 1 1 ' ^tl a >1 

Transcriptional factors 5l>ill j\j^ 

dfj "fc. (_yJj JjL-Jg^l •^Uoil Laj_j_i-uJ 4 jl -^1 cdjia ij -^Ti 

-i£Lj ^ ^ Lijtj tt ...J ti 1 ^ • J ^.‘** L7^^ djj M "h!1 


jJ^ i^rA^j^ *UjJI Conformational changes 

JLjlajVI IIlA . 4 1 a 4 fcti-L-a-j Jjlj-H ^Jjljj ^uW Ijc^j t4Jj6 4j_^_llaJLl 


^Vl 


J> J- 
































L<3 ‘ ^ LjjJI - tijljuvl ‘jM 4_j I—- 4_LLiJl 

4jL^ cdJju i d*a- t-. . u (3^^ «:LJu_^ L^I.4-SC_1 t“iV i S" .^1,1 ^Cu 

1 jLij tS^^—iUjl—LA J 4_dJ_^^_La_i jLijj_>iJl L^'L>. (JSLj 5jL>.1 jJI 4_ji_>JI (Jj-aJ 

^ULI s ' t V L_ijj—3 j lj>3^ 5jlj>.I^1 <a_lL>JL-^ 

t ■ ■■ ^ 3ju>-l^l ^ ^1 ,^1 ■ ' .^n 4_Li3h 

Li^'L-^l ^j-4^ CjVL-uajVI ‘ ■"■ Cxj.u^J . JLjji_iJ 1 L^L£La 4_tjl-^ (jr^J 


juj lATP 5*^1 U.lt \j ^"...! a-lL^I < * liUI^ ijI j| iA-^L^jJI 

cLjoI—>JI ^ jV ...n J ~ t Jl_>-u_>JI Lj^’Lj>> |JjI_%-) AjI 

cjWI (J-o-ju \ <1 ^ 1—^Lu .a 1^ , I ((I Tr!! ^ Cy^3 J) 0^3 4 jl Vil 

CjWI l11J_u3 lIIjJU • 4 . .." ^ Q ^ ^ L>-^ ** J ^ J ^ ' 

(^jjJLI aISUuj (j-sciJl : JL>-1j ^^ ^ , a Sj /i‘ ^ 

c^L>. . a^^Li-uj 2jl3>.jj ^4_^LIj aLox.^ > ■ ..-^tl aLL2j Ll^ ^jLll_^ 

JuV j-Aj tflJji-a i^dJj }SL« CujLc. jl 4 jl^ 

. A^l^ A-A^JbJua oVjLse^ Juxj lLultu AjI ^^Jjlj 

«JlA CT^ ^Jx-AJ LjJ^^-^ 4^jVI 1 jj 

. A^l^Jl J ^^_uju <1 jI JL>-j CT^ i4.ji.iJl 

>a 51^' 11 ^ ‘ ■^~ 1 ^ * 1A Llj^^xj^ 4_i_LiJ I jJ aj. S 

A^ (Nucleus 




a- 


L^cJlIl 4_tJL£. 2 


)^ ^ ^ at ^ .*;. CjIj 

J^Ju ijljL.2.xj j ^ ^ ^ .^J ^ ^ j CjIj ^ ^ 1 j- ^ ^11 

jjJJj . aI^ ^j. «u lTI ^^LjJI (J.jL_lj(j ^_yLc.!j I I ^la 

^ 4_il^J| (^^j>iJ L^1 2ljJjl AjxibI 

t4_^lj^l 2.im DNA LjjJl 1 ^1*^1 ^ ^—^1 

(JjVl tijJ^l f^jJi (J-L-U-uJl JlXX Lu^\-J>> iALoL^ ^L-i-u^l I—^ (JT^^ 

ljuj (CjLflj_!L*xJJ ^ dJJjLi (jx ^ i^jT LLjjI 

^1 ^ j ^ 11 I Jub^ J1 1 JLjfc 2i^^jJI i 2^1^^'LJ ^ ^ ^ 

^jfc ^^jJtj-uaJlj i 1J* ^3.5^ ^jLujjVl (_y^J • « Lj jJl)) ^ 

_ ^! 1 l<r t ai A Histone *« ■».« a ^ ^ i .■ * a 

_ LjjJl ‘C^ T 'v ^ 

[jl ^ 4 il 1 ^ 4_^JJ ^Lj->- ‘ UjA t tflj 1 Ti a LaLqj 


^V1 


J> 



























L^l ijT^ 4 ^J^ U3^ HL^jLjjJI)) .Uj -LH 

L ^ j t a j , r ^ 1 (LsujI ^Lj>. Q.S^ - JUlj a.1 . ^ S tVl jljlsl i^jja 

d • i ^ ‘ j dj£Ll^ ^1 (3^^ dJiJuJ 

d a ji ^L^'kJI lLI t ( n i ^IjljL^ CxjI 1 ^ d, I V “ Mi't L-fl_^1 

I 4.^j1 t .tl A it. ^ L^jLdelL^ (jT^^ ‘ ^ j ■ “» 

^ jg ^ dL^I ^_yS “ * ‘ ^J 5j3l l" A 4^ “1 A L^ljJal LT^^J 

W * JL) ^ ^ ^ ^ «'^jljjJl)> 4^LJ.^JI ^ ^ LaLdd^ ‘\a\\ A 1 > dC >1 A A . .. a\ 

, ..■■11 ^ tj~, ... j j tl I ^(Ad-i ‘ ^ ' *J^ ^ 4 \ ili “i IA^ c_t.^ JLl^ 

4jl jl^ - w ^ LdSljt^d Ijuj-tij LLaLpjl ^^4 ■ <.rt>,U 

Tij 1 1 ^ ^ Jtlt J~<1 j 4 . .^tl ^ J3^ L7^ 4 jl-^tl J 

i jl, I t “ < III ^^J)*1 HI ^ tl j t "i ll J (4-j^LjjJI Jjlji^l 

.(t) JUJl Ulj-i U^ iMetaphase ^J^\^^\ j>Wl 
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*j •; --^ i'\ . 5. V j if» ^ Kiiryotype - n * ^* U!>^ (^) 

DNA LjjJt .j^i...A\Mt 1^Aj^U A .-ToyC* A 

JLwJVI ■ ^mi-^ ^ 4j ULLI 4_ti'V dl^ 


j> <S- 































Cjlj ^^L_J1 (Jil-A L^Loj 5JL>. ■ •“ LiUju 51 j_l1Ij 

(JjLiij L^Lvlj ol^it I i^n_g Ijj-sao^t iJXi jJjLi_ttj ^HjjoJLIj 

^jlJ 1-4^ <^^l!iJI L^jIjljI ^3j ^ *‘'^'*- j"' 1 ^jgj^ t 

i 1 ( It iiLsfcJ ^ J ‘ ‘ » * ^ ^ •r "l 4 4_%jLi.^ l)^-^ ^ 

i ^ ^I i I «fcJLl ^2) * 'I ^ 1 i It ^ “ 1 ^ IL^ I 

.(j\^^ o^j (J^ i-IjIjJLI i-_aVI i-_aVT dj-jJj£Jl ^^ J-olj-c, lTjL^U lt 

4L 4 —*>0 L 4 J (JV i“i ^ ,~iV I . 1 j .i Uj 1 (1)3^ ^-4jl L^l 

4JL_u^ 1 S-^J (ji~ij 4'^ti 4j~iij.t'v LjJlII njj tCjLaj)\>4 

Uj 4.jUk-^ji 

CjJUb (jpd 4 U I (M 4 iJLujjJl 4 1I ll Slj-JI L>^J 

(3^j tj » 4 ~ l~ (.iLl ju t5jL>. 4i^ j ^jLj »~i!L^ 

JLi 4_4_4j^i-i^JLj^1 4 ^Li_-i!uJI _>. ' ^ ^ 


jl 4—i—^ 


Roughs: ■’:■ 

i-i-aJLl 2>^ *^5 _.. Jl (_jJjendoplasmic reticulum 

Jll lLUju 4 j il 4 t~< 'Hli 


J-ir*- 

IJ L^Jj-JlJu J 
*/i • j «UjM /.'^ • 

fjja c^>^' 


tC-Ul—JU-L. 


C^\ 


^ ^ Ribosomes 

LiLiJi (jL*^yi (jyj& LjjJIj 

UjJl t ^ .3 < »T1 (^1 tJj Jj. 4 * ^ 4_JiJjf 

1 4.1 aj .U^~l~ ^1 Ui ‘^~ 1 rRNA 

Lj^^I ‘ ^ ^ • j_U3J jjjua-j_90 t ** ^ - dljjjl (J^l J ^j-4 1—^ 

4ji J 4 VI VI tl-l^l oLlJ (_pi (J-a-9i- tRNA ^J3LiJl 

4_U^^ 1 ^ .>>■*- I . ^ \ . .. -^ Aj. w."jl,l 

^ «LIj ■ '■"« SjL-iiiVI ^^~^ t 

LjjJI I ^ ‘j LLa^ . ^ d * ‘ lXU > j—uj1 I Vj 

l^jJI 41 i I Tl^ L^Lxj 4_i ij 4VI j^pal 4 '^Vl li 4 Jl‘i. j^Lgj 

4 JI I u^ 1 ^ ^ ^I ^LLiJI \'i a, uLd ' 1 ^I * * ^I ^ * ‘j 

= ^ = 1 ^ 4_Pj5jI 4-jji ^^^.J|e-4 CjJ^_>.^ 

t_pat 1 t 1 ^ i>t 1 1 4 U 4,^i'M 4 1 (_paL-<i_>.l m 

CjIj 4ljl 4 ol tjji f Cji^Lu9[j Cjl^iJ ^-90 JULJ t4jlj'lJ^ 4lnii<i( 

jl ^ :w ciJji • I d 4_:^L^JI JL^l J_m ^)i 4_ a 


■‘ J^^ J> J- 


































^11 4 ^ «a f Oolgi 8pp3.r2.tUS 

L-d] "kII JUU ^ 4(jj)A lit Liljl luj 1-4-^ L^LqJ '4__^. L 

^ ^ ^j-4 (_yJJ 4.aiSJt ^JJ ' 4jL>J 1 t j^ ■ j 

»l.‘3r tl jt>-^ Lubj 4^4^ 4__^l^ ^LIL-^iJ 4_^L i tt n cIjLjLc—«-II 

j! 4_d^L:^ ol j (. 1 j JK.t 1 4 I ii.7t 5^ j t 1^ ol 4 j 111 4 j 1-^Tl A 141 

. NlitochondriH j.1 1 ."«l i 1 1 ^^i.4ij 

l1jL_jj^_:k 1_^ Jji_ U4JJ £j>* -^ ... <^Vl cuIjJlj ■ 4_itLUI 

j^ju ^' ^".tl ^«J^jL4 l-^^l ^Lo^o 4^LL^1 iiUj-i J t^ljuLlIj 

4«.L^_>>V1 ^ «Lj-^4_i^1j f J -^tl Lilijuj 4 S .t^ a .4 J l4-tl 

4_3l_LaJLl jJ i4~ A Ix 41 4 ij tIjA p 1 4 ^L^^j 

^llaU ^ d*J* '''‘" (_^ L^g*^ t" L^j 4^ V I 111! 4|^La^^ 3 Ljj>JI Jlj 

j^jG ^ j" S' J cIt^ 4^ L^ 4^jV l1j^Lc.L^ L^laj! 

J cdJju 43 Ll^J1 >„1j 1?l 4 jli^Ji n liiij rt'ill 4 1 'yX 

c«3^l fjyAj LGojI cdJj4 i i i L^4 Lu„iiI ^_^LU1 ^^LGJJ I j 

4-3LL^1 <*i"i Mi" iS^ * O-^ ^^3^ 4 . ^ rt*1 

^ ^ I t -w t ./j ^ I 1 4 4 Ai L^ it tj ^ I 4 1~J . .. I I ^ ^ tl 1^ , (I 1 J *i I .. 1 

CiLu.j^1 ^ ‘T^ ^ IjjLx, Tfcj 4Nlinim3l genome Ijljk ^ j • 


3^1^^ LLqI 4 1 ^ A ^ ^JLA (jr*^ 1|A^I 4 jJ-1 JJ_1 I A^. 1 a 

4 jl^Jl j*L4.ii4 il^ 4 A ^ 4 CjI i\a c i4i)l iiG l-^JUj^j~i 

^ ^ Apoptosis L^-j^_4^ ^ iLjb^LA-}^ Lr^ 

^^ 4 " N/licrofilBnients 4 5 ^ a \ 4 _^")j|^ Jo^j—"w. jl^jG " j 'j 
I Ju^^ . J t ^ i .a g. LGj Ij 4-j 1GJ I J* ^ i (. 7 ^ '3o t ^ I S jL_Cr ^ ■ -‘ t Lj 

J <"rj M A A ^a". ... A cjljl^l*^i 4 ii Nlicrotubules 4 aj 4 jlH t ij >ljVi 

Ij^J 44-J-L9dl J-4-Ut oLjJx-^ JLg,l I4 Gj 44-ai^dl CjLjJjw 

4^l1 a C, ^A-AI 1.411^ 5^ J \^ C7^ 1-^t -4 jl'LtI jt i ^ 4 - l" 

L^ 4-jJ-^l ‘ ^ ^ ■^Tl ^jlLa . 4.-iI^dl ... A\\ p J t\ Ti 

tVesicles <-1 j^ 5^1 V~I IIIA CjIj) 4 ^ L&jIju^ 

^IjljiJI Aj^o^Lsa^j i ^ i^ l^G-du-Iaj 4 ._i_uaX. I Cjjj 

t.‘‘.4a ^ 4|»j^ljjG-j-i-4j1 I ^ ^ <4 ^jl—^ ^j- 





























^1 lLLI .4.jL^Lj lIjL^L^-aJI ^ jLoj-laiJ 

c-(_^-iJl (jVj 4.aL^l LljljjSm (jl - tj^ 

\jjt pL^_jbId| ^ j ^ ^j 3 *^ (S-^^ *1 j )^L 1 Lj t 


4j^_3 1 T13 ulLi-uLa-) LuajI lI^L^ (^jJI 

^ ^il^l LL^jLoiaJI J.4-3c_!lj ^_yS 5 .^.A 1 A 

4j j • jVi V ojIj ^L< >i'ij L LiUj . L^J^ a\ I '>i!l IUii (Jj 

iLysosomes ilLj»JI ^ 1 ...-^^! L^i . J>LId )/1 

1jl£j i4-i^iSJi cljL^iie^ p .>*a ip jjH I ^" A ^ Uj 5^ j t ...-^1 

,.“iV 'wtl ^jL^I f^jja ^ (_7^1 ."i*U Lil S Jl j^ . .X~ 

aI aj ... 1 ^j 41 i iL^ld 4 ^iSiJ 1 

^ c.Lu 1 1J1 


jl taJi-^j 1 • ij 4 (J-4-*a (jr^J *4 jj^jj ^Ut\ Lx-j^-^ aJJt 

(jj£ua J£L1 4^y.:^\ cJuLio^l 4 "v 4aJL>.lj 2>j-al 3-^^ ‘*4.) 

^45 > L 3ff ...,4J ^ a \,A ^_j-^L4 3-'*-*^ 4 A\ ^ 1 4l „■>■ 4 L > -X 4^l^.i.H ^,4-7< 

3^J 4.^.^.! 1 L^J L^L4J 4 ^ jUj.< ^L^jJI j ^laj 

jj I ^ '» ^LaJl 3 ^L<^I (^jL:^ <.iUlLj •« L^lSLoj»^ ^ ^ j * 

S^LljJLl (_yiSLll ^4 Vj (_yA Lc j*J) *J ^' (_^ 4 jlr^'^Tl ^Lui^l 

.3jl^Ij 4 4jM ^ iti I ^-i\ A t’LiU a *j A 4-^ 

^IjJl Ch- aLfcj M..I oUs^ ~j 'wl a j 1 -^ jj-u 

jl *i _i 4 l_^ O-^ ^ "i <0 4,^ij j 'v- 4 j 1-^ -1 ^ (L_^ljjjU 

jLjjLSbUlljj Ji-ij os^ ,cjL4jj_u_^j^ 

UaM "t ^! 4j-i*J-I L7^ 1 JUJL>»J 4»^ljjJI ajU,! 

3 jL^ 4 U 4 -^jjVl i^jj..>iJ 1 3 a i t ~ ^M' jl 4 __ijjyVI Jlc;I^^- 4 JI * ^ 

^ "i 4 4 iL^j^^.>JI aJL^ 3^^ n j^y^ jJt La jJL^ i4^lj^l 

. L-jJj.^ - t—>il1 aJL^ i4_^tj^t 3jl aU lJlJ! L^Lcj 

(_^ c-aj^ >*ll ojufc J 4 ij c^jlII t>S[J l 4 ji ^ 5 jl_>- 1 j 

JLa^ Tissue specific (TS) genes aj^«; 2 Li-oL^I cjLl^I 

L^L-i- 3^ (_y^ C?^-5 tCjLlj-:^ ^ ^4 • J-5tj L^j 

(4^Lijt Ljq tiJIjjl L-aj icdLufe 3 4 t~ LLa ^4 »i ^ j ^ . 1 ... -^tl 4 —%—xjajI 





















^dail 


C-JcS-iJj t —a t", a. . ..I ji,Ja ^ 4_jj jutl ijl \'la ^ V LiJLi-^ 

i La JIJ_uiU ^jL^I ciiljLiiiVI L^ f^L“11 . l ^" A jl^j 

^ L 1 1 ^ ■* V f t j ^ ■ “" V ^Lo-i^ ^ L 

j^Lj «L^ ull IJl^ t La^ j,4i^ (J-^LJu L 4 ] »1 Jt aVl 4 J'v. ^LILo^ 

Cj^'Lo^ I j 1 j ^ 0,3^^ *iLiL>s J£L^1 4_^jl3 (1)3^ 

t^L^I 1^" g^l ... 3jl^ Lr^ J g t“ CjLdLdTJI^ '^^3^3 

aJJt JSLd .4^LiJl L^L^l ^ •Ltl ^ J^Lftjj 4j.jJUja 

L>^ L^l—^L L^L^Ti aj-^ ^^-o-uu L~1»'V. 

(jjj (^g *j j " t • aVL 4_i^L^Jl ^Ul Zj 1^1 gtl CjI < J 

i• gJJ . 4_j * 1 11 CjIjjJJLI^ i^IjLu^I rt 1 (-ULij •^11 j^j aL^-jp i^jji LAj j r 


Cj\ ijT^Tl ^1 JL^ i4XaLjLl1 CjLLi.^1 JJL>^ ^JlII j-A 4 jILJI (J^Lui 4jl 

i4_g_|_lojUj HI Ml ^J^LilJI 1 g I < II a Cj.^J_>> 4XaLjLl1 


jj^f ^1 . 4*1 jjT1 Cj\ ij '^Tl A^Lac^ (j-a L^^^^ ^ CJjj~iLI L&jjJlj 

IH 4.1.1 JJ-5til ^ 2_aLjJl (jjj . 4,'!i,lj i! (^1 jJt L^' ul 

Ca-iL^ (jl jJlA L^Lyijj Jj L^l^La^ ^j_>a ^1 

(((jL^waj)) Ja iLjjJl tfjub ^ Zygote 4 ■ i^ H,I 

^LojJI (jl^Ll,! IrC-^ lO 9 4 j.g^! LLA (jO-uiLI 

4 t 4I^1 4 lial III "ill tLil.i ra^Vlj I.I -v j.^ 1 11 ^_^LLlJi ^^ . ljul 

i^VI ^ ^ f^jJb L-g 03-^ O^ LT^l ^~d3_4_jd>JLj ‘L ^ 4^ 11 

^ISLIL 3jjJLae^ lLUj C 7^3 «La j)^ a ^ J ^ L^-a^Ju 

(jl i^\ .^J.J_3 (j_a Lj_*il I g^ t JL->^I^ ^J^ 4 li.i "><JLI 4 j 111 j ijLa^yJl^^ 

L« 4jl'w (^aLi.*i-5_iVI LyLiJl 4_^lj[^ ^^-1II i'^ll 

Lft.dJ 4-1LJ9JU 4J^j>> 4ua^l ^uuil 

^ ^Iju (^^^3 ^ J " ^Vt t * 1 h gj |oJ *4^ t A 4 jl-^ ^ “0 

' d" J^J ' 4 ji ^ ^ 4jj| t g 4 ^.‘ '"^*3 

frl JL aVi jljLiK ^ja ifrLi all 

aljLuU I ml! i-iiJjLj Iuj^^ i3j-jJiSUI CjLfll a’lJVl I j a ~JLi 

^jL^JI ^IjuiJl 4.^jj ^1 ^ ■■InI jlA 0^^3 .(_^Lunj.ia^Ll 
< t ^j 4x.ja:fca JJL^ tS^^SLlI 4 tj ALtI 5, tt 11 



























l0AJlc96kfiiJI 


«.ljuiJ1 (-.o^iSlltJI .~*t A djL&XI jITi-^ 

%JJl (_IjL 1^L^ Lr^l (j'^"* ^Ju& ^1 jJ 4jl ^ < t <ij , <_ ji^LlJLl 

m ^4-uajb ciiLljjOl ^ d~'j' L-I.A ^Luo (^jLIj jujlI^. 

^jii<\ Mill^ Cj^ a tij uLLjuI 

CjLxJ^I jlj^l ^ ^ J ^ ~ A J \ C. ij “W I <1^ 

.t~il "L. Ml ^j_>a ^2 hI£L! 1 Ol^ ^g-iJal-A '" * ^ J ^ ^ r- ^ 

tjl JL>Ji (jJa \ ^. jlr . t »'yJ lT ll~l _L^ti ^ A d . .x_l^l lZjLo->«-1I ^ ^ A 

OljLi^c^ ') L7^ i-Laulbid^ l^L^t ^ lLL^ 

I ^~J I t L.a^ ' ^ dj^1 I—JJ)j'J ‘ ■ uK^~i\ 


K^l^j ^jL^I * < < Ti ^ I * <“\g I* 1 K i^t ^j-d J «“> ^jl 

(JlfajL^ oij iOLu.:>Jl jl J Ils^'^ <-£j^ •> 1.11 4_l_j_iJI (jLd 

L* (_y^ (J^ 0^1 - J* lJ^ ^-^9^3“* J 

LjjJi IjL 3 ijLjIi>-V 1 i^ 3 -<^ ^d~j^ ■ ^3 *^L 7 ~^ l 3 ^ t^ljL^I jLLd 

^i 1^1 ^ «LAjLa 1 j»33 j j^' iJlSL^i mi -^f 

^i^LLi».-i!ii.) V 

- ;^ *33 .‘ o' 3 ^ cr^ j‘*^‘ L-d ^^^SJ 3 tExonS i-iJLlA 3 

^_^_L)3JljjJ IjL^ - ^ j* ^ ■ '' LUljLuiVlj CjIjjJJLI [3i>^ 

0 I 3 Li^'L^ (1)^^ ifuu ^t ■ ■ .>*tl * 

o-^ ^ 3 -* L^' **—tia Lj^'L^ <"«jL^ t «la (^^ 3 ' OL? o-i^ >v 1 ^ 

^dj-ii 1 ~< d 1 L 't ^“< ^ ^ ai -q ^ s Lt. tl 4 J .* 11 " a\ LjI 1 iV -^11 

/ ^ 1^11) i^ 3 -«-« IjLA l >^3 * 3 ^ 

'^^ 3 ' .‘ 7 *^' tl>^ /•^* Lj^^—dJ JlLcJ (j,-aJ '3 1^1 ij I—df 

Housekeeping (HK) genes 4 jl4Ji d^joil oUj^L 

Jl-j— i^lj . 1 ^mL-i tu Ci J l 3—^1 3:*^ (. 7 -^^ d^J^LLl Cl j lJI 
4^3^Lj La*. 3 *i^d iH cjujlj t^d Tf’'\ 4 - ^m 53 ,<u 111 " 11 

CjIIx^^I t—dj 3 i"i!l 1 JlA 3 J ij 3 I (jl jj-^* ■!' \Sj^3 * ^L.j_>JIj LI^Lq 

4_jla>Jt Lr^ d l^dl ^1,1 jf d \t j <-.-.11 CjLu-a* (^1 4_^iaJl 033 '“ ^ ^3^^^ 

3 ji 4 ^ii tLlj dJj j_.^ i cjHj -nJI Maintenance genes. 

4 __i_taJl ^Liii d‘tl SjjJ 4 —£^13 d" ml (_^r. 4 Jn '4L>JL1 jj^ LLUj 3 iSL-LaJl 


\jjt ij^.iUiulA 4 -^ 3 ^" CjLauLij 4 JLtA 333^3.4 ^^^3^ 


























^ j l)-*-L jur>-jl ) 4 —tL>JI ‘ ^ji" C0II cycle 

La^ ,1 Cj (j CjI, \ 5," 4 ^L aj^>ljjJu1 4^1 Ml j 

I jJ i 4 _a]^Ji C^UL L4I4 ■"* * ^ ^ ^ 4.J j^LmVI 4 ^j cJijLIajJI 

Jjufc Lifl^ (_^aiaLLI JlLa L^jij ^ tAj A ^ ia Ltj^^_^ 

. ' JUjlJ IJ I J »M 

^ V I 1X-A 1 ^t 14. I I t_<j ^ ^ 

4 ^jL i tu^ 1 J> I u^ ^ :><J1 j^JlII Li^Vl—>■ c-l uLi_g ‘ ^ 

|>> L^-3e->a Ljj-J 4-J C Ji I <.jl:^l^ L^ L>‘^ 


i ^ j.. 4__^jjJtaJLi CjLLi->Jt 3j~^ ^ ■ ..^ 11 V ^ ^ 

t“t I/■>j ^^jJI dii-jl <u* i4 1^ V,~ill 1—^ wV -"^^ 

V ^ ^ ^ ^ Jn ^ ^ 1 i ‘ i^J^Li^L) »~ti t ■ 

1-K 'w * 1 -a 4 j/j i'^ll 4 i^L-^ 4-i-£.JL^i 4_iL^1 

4. 1 Plasticity - ^jjJ (J-S-^ C(!i <fi,i (jjj -. 4j^_^_>a u>~^ i<L^^ 4_3j_^Jd 

ill 1^,.^ 4ji5LJ^ <1^ .~s d 1^_A11 ^ ^ i4j^ t ^ .-ii^J ^ *-* 

^ J t^tl tf ^it,.^ A_~J1 > L-^^-«-l^-» ^ 1 lA^_i-^J ^l_i_^~ VI ^JuA . 

) ,l< M,^n I j a ii (3^^ 4 jf; JLJ^I 

< ^^^VLj 9 t ^ ^ L^at ^ j 1-^tl ^J^l j J ^lij gfc.1 A 

(J:^l jJLj J^wLj <^ilj 4 j 1 ^ 1 * 3la^ 1 ^ /j 1 Lo LM.^L^ . 1 x 1 i **j 

^ ^ aLj" Ijj ij » La L^L^nJ) LiLd ) j1 t ^ Vj “' 

}4j^ 1 J I nlij jL&^l^Vlj <_7^ lLUj^ 4fl 1 a 

Lx^ -X a I? ^~i 1AJ _ ^ ~i X 4 j f I i '^■ll-^ - (_>^ajLJ ^1 ^ iJoJ^ I JlA 

CxJLlie-ilj ^j ifcj ^ X aLiu« X J.X-C. ^jj 

oix^lj La^ *~h xj ^ ‘' «‘’i-a- i L£.^L^I ^ .^Vl I ^ A 

^ cr^! L^ 

—I _x I ^ <j t J^ 4ji ^a > (jl JuV Lj^'I _>Ji ^;/U jJJy 1-^ ^oJLju 

Connexins ^^ ■ ■■ * L^.x-a1 cjLLuji^^ 

o-Lo-uuVI ^jljn. ^ ^4_j_i!uj L^aminin 

4 I t^jJS a t 3j-^ 1 g i^ 11 xLL^I (3 1 (j 7 ^ ^1 ^ VI ) <tj (^jJI 

4 j I i^c ^,!v t"ij 4 jj-xJ Cj 1^ j t i"i ^ g j ^ C-fJ^o-ul ^ ■ ■■ A\ 


J> J- 






























^ iJLju^I t^Ljjb S ^ 5Lt_><Jl ^ ajUtia ~^~ 

^ J TT j I iiT) <yl jlftj 0^.1 li'i t yli (j^ 

tj-ui 1 . 4,jljr U jt 4^ j-JLi ^t ‘t iJjLujt • ‘~‘~ ‘ ■■ t 

^1 I uJ iSJ IJ <L^JUiA 1 J^X^LljLli 4.^1^J1 JL^G j 1 11 

. Ji_ usjI cIjLjI^ (^jja LajI^L-'w i—A 4_^i^JI ^ . i^jiClIj 

4 liAjJlj 4 j,t,j jVI 4 ol lj4i~i j all Li^jl L>j-J L^J) 1 U tlru ^1 ^^-aJI 

Sl-i^>Ji 4Ju^La 5jljV 4_jaj^LIl 4-^1 Jul!I ^1^1 14^ 1 j-V—tIj 

jl GjjL^j <ij I iil^ I Ij-^j JI rt“i I n't .^J^IjJLj 

uiJLiJb ^1 ^Jj ^ 3jLt!ul ^ ..." L^l 

t"■ ^~ 3jL_ui^lj t4-lj juu 4_^1:>«J 4_%_i^ i ^L3tl 

^^4“^ ^‘~ ^ .*!■" n 4 ^Ll^ 4^ iCGLa ^1 ‘~' ' J Li^L^l 

tt,*‘,M t,~i J^J ^ J J ^ ^ clA^ JL^ u-i-LaJI 4 lUl^ I > ■ 1,1 M Ij^L^ 

Jj ■ ■ ■■ 4 t4 ji-^!l (3^J i^Ju>o • 4j J, 'yj! 'j) 4 

♦ 

^3:tl t^LL^aJI ^jJI 4.^^L1]I BjLlVI ^jLLL4.4aj 

C- 4 I 3 JI ^JlU ^ • 1.^-11 4_^g..t_^!l f^jja ^ji^jLJ iJL-i^jU 

(_yjj irf4j .^V! < ^JU-£D JX. I i <i~> i.^^l4il 11 

^ ^ 3'i ^ 1 <u Tt <*11 JLj V ^ J -■" i^“) v1jJl.>JI 

>.U^^4 ^ Juft . cjLjj.>»tl L^HxftLo^ L^i jj 

3 I_^1 _3 J tit [ 4 ^ IJuJLj^O ^1 i«^U ^1^^^ ^Jj) TT Tl (Jj 

1 Vj .4 .jx.Jlj^ L-^1 (_y^ 3ji V rtU tfjLftj ^ LiUjLj 

. 4 ] iSU Ijl u^\a\ lIUjJ c-gj) I u4 lLUj 

iLlL^lj ^ 4^1 4_S^ 4 f ^1 1^ a L^L-3J1 ^1 ^Jb 4j ^1 L-a IjJ 

tu^jLdGJlj 4.^Vl tjJalxlJI^ <Lil^^l i^j-ftj V ^Lj ^jLjlj >"tj 

4.^j_>, CxL^ ^1 Jl14 l-i>>U I mU JlLo lLUj Cjj_j_^ JL3j tV t 

^L)JU JL.>ij jLjajJt iJjal^X LftjijJu ij.^^3 4_dXLdu3 3 Jl^I^ 

.^l£uJl ^ ^ jjLscjJi Jju jl^oVl ^ ^j-flJl JJtJ jjLsejJl ^j-fl 

LftLjj L^L^Ij d ^ i3 'J * L>a jj[ ) j_ftj (j^L-ft-HJI Ijub^ 

VI 4jae^j^l oJJb t"t-1 4~ . -I La ^ 1^ '»~JJ V i-^-i^ jLi^4 

I J’jLft Lx^J L^IfX^J lLLIj (L^IuX 





















STiir^JaJI 


tOjI n _i^ _ Ljj^j-^ _ 4 j l-^ll |_^_A 

I jj ‘ ^ ‘ ^^ j ^ ^ < 4 lS_A f^L-tiu L7~^ ' ^ J 

\Jl^ 5 a V 5“ ^ 3jl>-1^ 4 j W cl-ul^ ^1 JlLc LajjJoj Jj i^LAj JU^ 

4_-u<a_4 ^ lO^ ijjl—<- uj| (J-^3 OjT^ UI CjjL_i^ ^_j" "w OjJuj-ll ■ V Ij 

I J * I i ^ J A I /“l 
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uiJLJjb L>^ Ct^ / n 

_ A i3a_^lj 4_ A^ LLa ^Ij _t^tjL) 

31 \ ^ i a O ^ * _ ‘^K-i _ LoToi- 

L^l <^lo.r 3 Lj,>iJI \^j ‘^‘; ^ ^ l^L>. 1 ^ 

3jm - (3i3Lj IwQ Ijljjuj . 

L-^1j 4_^Ij>JI 5jUI 0* <^5 *(DNA) ^ij>Jl 
LajIj ^ ^ BljJjl ^j ^ A 

1 A A1 ■ 1 -^1 ^ A i-i ^1 ^ *y 1 ^ .lJ '4 _ii 11 

i5lj.>Jl t-u (_yA 5 jLL 1 jjl 1-4^^ 

CjL-^ Ly^ ,>^^“-^ L>^ LaLLjjJ 

^ Li^l (jl c.«.3t_i L^ld 14 ^I^^.j43-i-uIJ 

<L5j^-.Laj (jyJj (Jj-'v (J-* Liiaji (Ja'i uj t4j-oT 

.^LLa^_L^1 j ^ ^ ' 4^-9c_j_x_ i^j 4 ^ 2lLoT 

frLS >-u ^LdujVi 4 jlo f 

"i~ V C «i * . -^ 4_^ljjJl SjULt (jLfl njl—fil 
t3l—1_>JI ^ Vf lJ~*~^ 


JLa^ 1 jj . 4 'tjiC. 3Lj^iJ1 (Jjl 3 1 4 4.4j^^Jajj 



<■ V 4_ijljjJI oLIIb 

4_fljyLaj VI 1^1 Jd* 


4_3j^^Jajj .at _i_-»iM < I I ; 


II a I ^ I ‘-■^ 

















1**1 1 A I ijl *4 k c fi I M I 

(J 5 ~< Ti ^1 U^ 1^11 jJ 1 , li Mil ^ 1 ^ iua\ 5 i j '*■11 L^LaL>. l-c'>- 4,1 I ne. 

^ 1 j 1 —- a 1 j '^n ^jl t d ^j,A ^ J 4 Jj 4 .U_^ L^J I nl'^ll »i sill ( 3 Ti>^ L>^ 

(_P jf Cy^ • ^ (jM ^LSJ lIJLIA 

IJlA i(_yljlj u^ C^jJl *^Ju>JI ljufc i^LLA ij' 

Ijub 03^^ * ^1 J **<11 ^ ^ V 4 1 ^ ^ '^J 4i^1 chjJL^Jl 

LLj . IjL^ Ljl • (I tj (jl^ .^1 uuLlSKJI 

L^lj 3L,^„>JI ^j 1 c^L^ IX^ dju& 

(j-« 4 jJl1 LjO i. (_ljL:^ ciJjl ^jl JuV ^jl-^ * 1 4^ L 41 ^ VI V 

4,^ljjJl L^jLjd a 1 aIC" A 4j,aL^ 4a^-u< 4j 1-^ ciJJj ^“iij 4 ajLa 

.^L^ ^J£LLj ^jl^'><JI j1 ^LuuVl Li-A ^ J * (jr^l u 

jl jjV J-^>I1 <j c^-Xil (^j-oj-^JI) t.^>i-ll ^jl^ j^ i l L^ tiUjJ 

iJUjlSj Vj l^.i,^ jl L^ S'l V U >■* <4^ tv ^1 i4-^lj^1 djLLI ti 4 j1^ 

1^1 4^1j^l t-d..ua,i iij (ji JuV l^..-y,.'j,i,'i 4-i, ^_i ^^ 1 

Ji^ jt ^jdAOj j( Sjl^ SJLsfc. (^J '^^W3 ^3 1-4>js tjLutfaJu V Luajl L^-JL.ua YT 

^LiJl tjLiS .J^^-.tl jl ^- -*.!l ^^jja ^^] 4,^ljjJI SjLll t rt iri’t 

^ ‘^13 * 3 ^ ^~‘ 4,uaij^ <—dj,u4 ■ -*1 4 ,lL4-C' Lo^Jjq 

^ 11 a . . TI 1^1 - “ j‘-^ * J^^tHjLj I JjJLu fJ.4.>tJ 4 1 j 

t i {Jj I t • 1 1^ ‘1^ ^ ^ J1 jjljlJI L^ (_yi]l ,_y4i 4 o jI . mI I 

^jVI 4 jl'^Jl 4 -- StLI <Lu3J^,^1 UjjJ (JJ^ ' 1 t 4 j 5>^' 4.<t jl i n 

CjUI ijfc tVl ^ ^Lnl 1 ^1 1 '♦‘jI^ »"> a Ijk u ^1 ^ jl-*i~i—MiJ 

. rtt Uj aJUJLsJi CjI^ j47JIJ 

(Zygote) iihi 4M11I ) 

t^ljjLoJl 4 XoL£ <La£,jL> 4jii. aS j5-w!l *0^ i'^n 4al->Jl 

oIjJl,^! ajJs\^ a_j4I 4 ,^jlj^ 1 4^i^l L^L,dj-i,u Totipotent 
ajjb ^ t ^^j4 1-^Xa ^_^LiLuj Lo-^ iPlurlpotcnt 

4^Lx.J ‘ vj ^ ‘ ^ ^ ^ 1 4 ,^Lx. Li^L,^i S. Lj ■TwjH aJLjj,^! 4 jl^Jl 

Ij^-i-u (. 4 Ajj (jl - i^jLaJl _ LLj jJLj^VLa 1 jd S. \ ^ a t ~ 11J 





















^ t| I ^ i -^■N I ^ 11 1 d 41 t \ I ^ iC 1 ^ I <>l d 1^1 1 j -x- ^ I ^ I I 4j^J 
o* (jj-^ i4 i^u'yjiTL^ j->.VLj Lft Aj >‘\ i ii_u3j^-JLj 

L^ .gl^M 4_^jl 4l:>-j 3i>V1 ^ ^ ^ ^1 ^_,Ji_Iaj 

).. L^Jjd..4ji.»Jl t->t' ■"*- 4i~tl i .^tl 


|g» jJI 0i M jIm 

<Lajj-Id ^ Lr^l 

(_y]3 lJJLIA 4_±jLAil «4 f^j£. 4.*^4^ ij L-a ‘*Lt^ 

<>-^l a I ntl ^tj..>Jlj t_dj.jiJ ^j_lSLll Laj j.r-^6 4laj)rt ir a i^a^jJI 

I ^ ^ J L^j 'fc.j i_^aJl ^LiJI izonna pollucida 

(3^-^ ij^ julj^ 

(jl^-j-^l 3ijj ^jl .^i (J5fc Ml11 aVi \ 0 ^ij > 4— 

SjULI I vVa 'i c. tjJjjJl ^JJJ 4 ^'^,1* (_yIlJl i.Li2,‘fl ^^^yjSb i^jjJLl 

3i^j 4 3i^ (^^^.90 3juj^l 3 juJl:^1 4jL-^iU {,.^Xa (JjISJu 4^ljjJI 

01,1. 3* 11 3^^-^ oj[X\ (_^1 ^LudVIj Lt_a (^^-ill (jlj«j_>Jl 

Ijlaj 31 j-UwVl Ijla juju^ . 4 _ 4 u 3 u 5 -JLj Mitochondrial DNA ^ - 


A t ^1 ^ 1 1 . < 1 1 l ^ ^ ^ ^ \ ^ '1 1 ^ • 1 1 <i ^ ^ 1 <: i 4^. 


la^^l-CLoVI 



^Zygote) 4^ 5tti1 ^jSJJ ^ ^LpoI Cj^~^ (t) J^LuJI 










val I 1 


L^l ^^ *-.* *^ t*U~i(jVl (Tija- ^ 

1^1 j . dt'vjA Jl-ux^JI ^ ^4_LaL^ 

jl^ .a Ar. (3^ Cy^ ojL^ lAOj iLiUj L^ (3^j 

<1^ i^jLjjJI t 11 "C11j 4j^L^ ^L-i-wjJl i > (J-^ 1 

IjjJa ^j n ^^"l'v. ^Lxxj-ojVI^ ^Lo-jJI (1)^^ 3 jjl^1 L^jJ^ . Laj^^aj 
^.j-i-ol 4 'a- rti U 4 ^j( .i-iilj L>^ i—4. )l^!1 

JljL-a (jjJ^JjJ^ ^LlaJl IjlA (jL-^ *(I j t < I^ i"\) (J-aL^ tjVl L^ 

dJij \jJ . 1 i >\ t_jJ-C. Jljlj (J3~^ ^ i *^1 i L lia ^ 

^ Aj ^ ■< uIjLj^^^Lo 5^J SjTxjll 

djLauJua 5ji L^, 3~.a-<uJt oLj^£L<a^ taLjj>nti 4_Bj . ^iL^tLt 

(_j-x1dU 1 (_y3 oLL;^ ajj je a t-jL^Uaj lLiIj BjUJLC. 4 j ij"j|^ 

5j < .1 Tl IJ^ (4 j ^1 djLt^^lil . JLuk-Jlj t_uj^l 

ftlia^l tSjJ^-iJI 4-ftr Ajubuj^l 4 j^^VI CjL;-:^ (_yl£. 

4_£,i_mi ^1 j it; 4 -a.^i Si-vj-L'V ci>i-^i-^,.ij-jui ijjV cjijLo^yi 

|4J (2.^0^■ l.7«-*.aia ^jpaJL^Luio^ ^ t iiS i" 4 .^LaJuVl gi^l ^ ^ 

i5^ Wig", i",*4» ^4^) (jLoj ^ t Lr^i U^~ p ■ - ^ ™ 4 ^Luj VT JLjlj 

jjJuj Jju L^-i.^ ^**** * »4^_^!iJL> 'i‘^\\ c_d^jij^ 

j p . ■■ ^ Tij p ^ *“ Ij^LidJ L>^ j] p\ iM a >VI 

(Jj-Wlj (.t-flUl ^j-a L^ fcxi a-1 ^JlJ^ i g 4a jJ^ jLxfuJ (_yJ->- ^^Cjj 
< x<L.XXJ^i ^ ^ ‘ ^ 5 ^ ^ Ly^3 ^ ^ Cy^ i ^ ... ^ 1 ■1 •^ * 1 tjui^ 

^L-^ ‘“JJ 3ll^ Lr^-9^^ 4jlj.^^ ^LIj^ .aLj_>Jl 

ilijLjtiii-u - iiUJl j? Blastocyst 4^jjVl Ljj^ 4LwjJ1 

. Luaj! 4.1a^ 

^jVl 4 ^jJL>JI 14jr a 1 I' 4juaj^^_JI 4al^ aLiojVl L>^ 

L^ f_^L^l j. * nil Cu£.j^ L^j jl ig^.U-L-'pJl Ij^-^I L^-La 

Sju jLjpJi ^! i . SLjpjj (Jjal^^ J ^ Laj - ... "itl i 

ajufc ^jl ' Jcx^yill ** J diy^ ^ iSjiJjJl 

4_^1>. 4^.^^! jtt.a ^ (^jLuu ipj3t->J1 ^ ‘^ 3jLaJ^1 

4'r nlU 4.ijaj^^l 4 y^J ^Sj^dia 4 ie rtU.1 4-uaJ^^t 


‘ J> J- 




















jSLajoJI 


Murshuk, D. R. jl (_£jL_j)jL -*3 ^jl^I La Ij-aj i Lit n'l Sj. ^^ 

t~^ " -^ 3 -^ -a ■*■ .tl £Laj^^^ 

‘(''^) Y..^ 

(_yjkj 4-3c-im ijJajjJl 4 ai i>a fU L^L>J! ^jl L^t Luj^ Vj 

A ll L"i a (j^j_il>- 03^ 5Li^ ^j-a U^J L> 

Lujl (j I 'it. I Jlj ^ ti L^l^l i^LLa p a™ i^aLu V*\ 

^jl (j^J tLaLa-i 4-5j1 l^" a L^LL udJi^ • IjlSLaj L^LaJ ^j^lj 

Totipotent 4ljal^ 4-^lJ3 CjIjJl^I 1 u*j ta \ 4jli. 

^uiJJ^ L ^1 3 J Ilt^ j O-^ ^)a \ _ ^1a cells 

(LaL^j 4_^LL^1 |CjfjJlIt ^L>. Jjl^L LiijL.:fcj La IjlA 
i^jji 4j^j_11 iLLL I ^\ ^jx. L^L^I jliA-j'i L.^~ 

4jl Y * *' ^LkJI Gilbert, S.F dj^^L^w . j> ^ji jl^ . 1 juk ^^jSLII 

l^.tAji t 4 a i^~i La LaLoJ 4 Si Ltd 11 L^i,;^| ^JLA CjlAjVi ^aJ^uua 

dj^Lxj ^ - 3 Jl^ k^La ^.mA^ ^ lajL^lj 4,,aLfl^ * 

4i-iL.L i.» jl ^_^LaJ (Jjjja 4..jlriift a _ 1 ^ ij i ^*1 <« 5 iVl t 

4j! ^_yi-5c_Jl 4_5 j^j Johnson, M. H Qj "■ Lo^ IjSLaj 

1 LaL^ 4_a_iriO-lLa ^^jujl^Jj L^l^ t L^LaJi Ij^L>> JJUC ^c_i_uaj 

4 I It fl’i ^ dL-uLadj^ (^j) rt"i 4 i i>> * t ^ g * JU^ 4 j 


LiJj.j iVi4 I L^LiJl 4 bIj ^j-a \ g Ij > 1 aj4 

4 < Hj (j_a CjLI^)-:^ 4_j_uu jjjSLj 1 ■ ^ a 

11 i ^ a 1 L^L^I iJaj^ cjL^I 4 uli Connexins 

jl^IjJJL 4_j_4^I ^^^a i L^L^ll (ir^ djIjJu djLu-d ^j-a 4 -Lj«_c 

(jA L^JL>.J 1 ^ 4^ fcl L^ Lll 1 ^ < a 

JUu L^ 4 al^ll 4^jLaJI j c. Vt 4-^ji 5 a 1^‘i ^ n") ^ d 

LMSJI 1 ^a^4-&1I1 IjLp L^i.^1 Cj \‘»~dH aJLA d)-^J .lLUj 

dJJjL-^j t ,_j-liSLjJ IJ _i-f (_yJl 4 t \^ ^j_a CjIjjjI j^- 44 d*j >■ ^.ll 

IAj.^-^ Ijl^J t La 4 La ^Lujj 1 ^ 4 H 

^1 a “nj L^ -Lli L^^l ^LL.^ CjLa-^ijj oljLu] 

^ ^Lali \ i u'w ^L^aJI jj-ayuait^j 




J> ^ 
































o tj (jr^ /"k!! tfJu-^Lj (^jJl ^_j-illj_aJl L^ iSj^ 

^jja .1 il'jIj 4_5_^j oLmL aji \ iPi 1 La i3^i^ ^ 

1 A, iV’n jjL*-*!! ^j':r,4^TI ^^ju 3_^I La 4 jl>-T t jl jl Oj-^ 

Anterior - Posterior Axis «j_yiLkII _ ^LaVl>. j>^l i-i-aLi. 

SijjjU>iJl IjL^ 

<GijLiJLxl jlj^j <Lit Beddington, R. S. ^ Jj-Sj 

3l, J ,-». 1 Jl ^ I U jJjfc.ljJLl (_yja ^ojj _ (^^L^aVl -fcill tjl jl—ill 

dL^Li- Ml*)! 4 4^4 ^ f•>11 oL^L^Ld (ijUdJ aI^j^ 

j_^jcL1x^JI ^-j 11 4aL4^ 4 jL^ 4 \5v *jli 4 ^JZLoj i4jLua£.1^ 

^ LojIj ^jdaj^aj jj <^ 1,1 

iy\ i'^Tl 5jj t .1 A (_,iliJi - (_^La^l jj^JLI '»il 

I lb >u J-C.[ M>j ^j Tr li^lt ^A^a^JI Ijl^ J jJ ><"> « j il^ t~u 1 

J4~(^j (^LiLxJ ^lj|_^l j-aLjj-Ji 4J 4_4 _^jJLI 4-Uj^j>J 1 ,_^l£. ^j,iull 

i Ii^lA {^^^1 4.4^jI>JIj 4 di">>iljJl 4^ru^ui t I dl j I ^JSLuU 

4jI ,t.u 4UI I ^ (^^1 laltJi L>£3^i^^ ^.7^ »^.i,^ll (^IjJL 4_U_S1]I fijjhj 

^jjSJL \ 'y t^lj 'j jg ^1 iSji ^ ;^j-ll ljuk ^jj tj^Ljuj 

^1 t 4 ^ *-**llj ^ * ^llj u£Djl£^_^L^^ (4JjQ 6-3“^ 4jj.^ 

l(^^iiJl 4\jSC 4^ I Oi^l j^q-iJIj (^^)i3'j^l 4^ jL>. 


AIm^I j$U 


^ ^ j^"i ) ujllUa «Cji (3 ^LlmJI t L^i5> 4_uaiJij 

i^^SLiJLI Ijla ^jJI^ III *><11 LlILi. ^ jdl 

^jJJlJ^ ijLd UjJlJ 03^ JuLi Laj 1^ ij I'^ll j^JooJl 

Cjl^lna ol i^i'^Tl Lla j^JGj JuV^ . ol J-A i4jl^ 

CjI ij *w t t i'K ^1 Lju^ i4 -Tf ill! 4 t 4 I 4 LiJLijb ^L-iJI LjjJI 

A^\3 4^jj (.0.4 4 JjJ.ulII ^ oLLl:>iJI JU^ jlj>^ 

. ,jL %\ •* » 1 ^ 4 4j ^_i>Llij ^^^LilJI 3jI j. ^ 

jJl^ ^_}.4_ju 4^L.t— 4 oLL^ Turn off (jr^j 4 jL^JJ1 A]^ 

jnij 4, jLg ■£■ CjI ij Tum On Jaa_Juj5j 4 









jSoaJI 


La ^1 AjjJlxI La (_yi£. (-iUj 5,1 a“n a i^c£L 


^Lj ^1 *»■ j II il 


i< <n 4-4 jL^J 4JjLa j1 4 j\'LJI 4ijLa CjL^-i^ 

JLaJd ^ ^LJli^ ^Li-iJ ^L^la ^ 'j ^ 

IjlAj l)~^ jLJjLl£.j , it V UC 1 L^J 4 U i^l^La 

^jfcL* f.\ uia tl ^j^J 4^Lal t a\^ 1^1 ^^\J Cy^ ^\ J (j' ^ ij^ ^ 

4_i ^IjLj ^ ‘ - J~ ‘ *13 (J:L..Clj ’*** * 'J 

4jj^ L>^ fS.3^ Cy* 4jLii La jl ^Lblal (J^ • J-4^ 

J. LSi“i CajLB ilLUj p j iyj <>> tij .4 J11 t ij r J i3^ tiJLuk 

5 \ 1^ A I A i^JU-iLo^l (^t.jfc. (^jJt L^ ^LjI I iiJLa j_^.L4LLit! lIIjL-i uJl^ ^Lual ^1 
4_^jJ1 5< 'r 4 ^ (J^a-a3 ciJLij^ '^d 1 ■^~. a 

‘"'J ■^‘'‘ ■ ■■! ^ Apoptosis LM ■^n ^_aj_^1 Cjj-LL Lj^^yLj La-i ' ^ ■ ■ ■■ * 
Jl^I ^Li^l CjJlJj ^1 u^\ (^u uLILu^ O^ ^ |»1 IM tiiVI 

(jr^ Ld-^ _ uiJJ j )(J^a- JK JI i—i-ati 

4-j1>JI j^jji 4-j jl<L 1-*^1 Lttj^ju d * .^.1 'i It L^L.^01 LjjlII oLjJft 

L^L^ i^LiJb (djjjL:v L^L^ 4 t~w.._^_t d ^1 ^ ■ H ^1 Jl^ d ^111 

^1 * 4.ittj^L4 dJUJL^ Cul^ 

.(^LIj.^ 1 LlLd Lo^ 4j^j 

. 4jl:>.j (jjJ - ^LaVl (jVI f^il-i.^ 4A.jlfl LM.^1 La 

i^jLi^ CjI kd (jr^^ iyjuJ^iA Ld^l^ i,~ti-*~ jLjjVI 

\ lIILL^ iJ-^^ dLu J>-ii t7iu ^^^LLJI e^^Luj Lo^ i^jLc 

*L^j*^ (j^ 03-^ 3"'“'*^ (,^ Lli^lj i j-a i^LuijI pLj 

Lj^L^ ^LdJ ^^r^_L:^l L^L^ JJlC 

.Morula 

(Morula) - V 


Jf 49«MI ^1 J^lJI 

1 JlA 03^ LJLt 1 Ij^Lj>. ^^Laj (^1 L^Li. ^Ja^j 

- (3^ L>^ Lc^ _ (ji_L>Jl ■“* i4_CrLui VT JULJ j\ ‘ (.liJLajt 

iTI L^L^ 3^^^ Lr^J .O^jJI cj-^ 4 11»“ - 

















Lr^J ‘ LajjlX. JlSj lt^S 1 ^ t) 4^3^ t un 

<LLk.^l ajjt CT^ ^J-i"tBIastocoel 

L^ ^*“j 4 -ijjJlU 4,a^jl-^i Li^'L^I p ■ ■■ ^ ijLaJI 

.5lu^^ Si^jLiJl ^UJl ^ iTrophoectoderm 4^jLiJl 

Inner 4_iL^ljJI ^Tl * (_^j.ju 4 _lLxIjJI Li^I_^I ^ ^ 

4jLi£ ^ T' ' ‘ pLdI Gilbert, S.F ^>4^ ^ ‘Cell Mass 

4ili£J1 - <=t ^ lUtI aJ^ <* ‘j"* ^1 c-4.3e^ ^ ^ (j^ 

hiUjj 1 ^‘ *~-^^-i-u ^ ^1 I 4-j^jL^dl ^ — 4 —lLwI jkJl 

^ pLiJI Johnson, M. H. jjj_i_uj^:^ . j jji j u 

4.l>.jL^ Li^Lxj <uJj>.lj L^l—>• ^^\ pLi-artjl (jl II 4-dJjJ9j 

4,a^jL^I . 4 ^.jlL33 f^_yA 4_) ^,La~iJ LX 4 ■':e.j~ij 

^ 4,^d3i>1ju31 4 .IIISIJI LaI t11^ ti II «.j-:^1 

Lu9bj 3^l-»-~i-xj a 4_^^^jLli Lj^L>JI ^^Lij 

(Joi^ Juu (Jj li^a rt"JLj l^J^Liij c^^-9 Blastocyst ^jjVLj ^.4 j gj 


Jl Mteit ^t 4^1 9rijWI 

j_L_^ (jT^'j Trophoectodermal cells 4_^jy>U 5- ^\ L>L_iJlj 

<1 i~X 11 L)^Lj>> L 4 I *4.^4—i_JuJLl ^ * ~ t j 11 ^ “i ~ _ d ^1 ■v. OV 

4_|1^|1 ^J. V" < .1 L^-La 1-6JJLC jjj ji — 4jl"wl jJl 

^ Olk ^y,l (^ U^ '***^1' 4 Tt,ilul ^ A-**- (_ylrad~i ^ - 4 jJ.ji,>i11 4.gX.JL>Jl 

.43jLa^^ 4.A^JbA 4je <.uj 1 *sac, Amnion, Allantois 

_ La2>>j . JuV L^l 4.jggg.>J1 Lj^X.^ 1 4aJljj 4 ^Lj 

(JSLj o' 4.^^_fclri~t 1 ttl V jl . jL^lj (J-A-^ Lt^ \~JLja jjjLj "lj (jl 

(_pljy I L^ a-^LLo 5Jl>.1j 4 jl^w V 1 JUl ljuLfl . 

iJJLIa (jl£' LI Vjj j^l t4 iu fli (jyjz 4JjqLx. ojI <^*^11 ^j.a-'^ o^ 

o-^ jj .4 j1j_J1 j±Aj Jo-aVl ^ 4_4=^ J^ uPbi 

o^ ^ _ol^-JI ajub p^_3J pj 3 j _3i^1j 4 j !■>,! ...VI 

JLiJl>. La£^ 11-^J-^i *“< **<3 ^ ' .."wtt L^L>. A*w BjLg^ yaLjLlI 1 ^L'ij. i 













Hematopoietic Stem Cell ^jlU 4*i ."..Ul 4 ^jlj^I 

t I i ^jJl (_yil CT^^jJ lIJLLA <jl L-fljJLJ I 4^^ L^Lx 

^JlLI 4_ljijJL1 J 4.A^i ^1 3 Jl>»Ij 0jl'^ i^jja '^11 ^1 Liiij 

^jJi CjIj_^ ^ '"■ -^J 1 

<.JijL^^ 4i^j^ tjUjij 4 L^ l^^J3 Lr^ ^3 ~ ^ 

t-iilj djLjuaJLl ^Lu^ tjj)!r^~iH 1 

jjj L^ 1 jl 4~<f i (jJ^t 1 , li <^~l tj J_i_uL_uJ 4jl .4_C.mi 

^j| 1 ^ ^ 4-^1.^1 (J <1 tl V ^ ^ J ^J ^' J ml I tTlTl IjJb J-i^ 

^ »U^ 1 (jTLi i^J ^ I La IjJbj I (3^ (Ih^ Lj-u>i 1 A ^ t^jjl >"ili Jlj*^ 


La IjlAj ( L^Ia 4LL^IjJ 1 ^^L>JI 4l"i^li L^CL ij ^3 iJ-“^ lt^ 

Jjl (j\j Cf^ ‘ ^ ^LaJI Nichols, J. 4-^ jJj)^j \ . J 4 “a- 

L^Li^ 5jj_B (_yl^ 4»tij3l_>JLLj |»3-Aj n2rLL>J! 4 j,l LIjjl 4 j^L>JI 4 I’l^Il L^L_L 

4^j^jLJkJ 1 4 fi lUn l^L-l (JjLoJii {^3 j^Ai ■ m stVi 4 ^^jL>ji 4 n 1 uii 
l£L)lj . J J—^ 4 _a1L1jJ 1 41")^ II L^L^ 4.alAX. 

jaIl^.A.J Kunath, T. djL^, j 11^3 f^' 4 _s^j Tanka, S 

^jjljLjJl 1 JlA 1 IT * * ^ jaLxIl 4a£[j^^VI 

(,l)ljLi!u^ jJ_A_*J CjLljj-j:^ 4 jiUjJl 4^ l^ill 4l~i*C 11 Ij 5L_>. jjL JjL_j_iLl 


(^Jja 3^1-^ 0^ I>ll31>^ n^ L'a^J I ^ ^ A. i ^ i ... -a 

4_JjVl ■ il “^ll L^t_^ (_>^1_^ ^-AJ 3^1_^ -I y3-^ t-LLII> JLJi_A *0^ j^ll Li-I_L 

LM^ jjI^ 4 _iL«^ ^^Ji_i3 ju^L^-uj 4 Fibroblast growth factor -4 (FGF-4) 

Cx^ A • .3111J .^11 3jLij 4_aj^Ji3 (j4^j IjlSL^j .4^>jLlji 45 it^i 
i^La-^JIj ^LljJi ^Jt ,i,.4.44 >JI L^L^D ^LsJl 1 A ^ ^11'*^ 4 L^-LJI (JjLjlIJI 

4j^l>ji 4i~i^11 l^L-l ij\j ft-iii ijut Lii J ill n> .ajLuj-ii aGij 31 j "sti 

4_j_j>,jLLJI 4 ^ .L-> T1 L^L_L i^j\j^ 4»_ajj^LJ 4 ^ I'^l itl 


LiJ J ... jJi (SlALIjJI 4 i“Xn L^LLJ ^ 4 _ajlSj Laj Trophoectoderm 

J_P^LI1 jLlj L^ i-v * 1 4 jm i -^ I 4 jf ,i -^1 1 L^LiJl 3 ' ' .1 Juh 

<_tL^ (jJJj£3 4.A iL-^ll L^LL t^Lj *1 4 > LiUjj .t~.y~.^a ji 

' 3jl-^ 4_idj-4-uj ^ L^lLJL 4d^jj>J,l jLajVI 4^^1j 4*^j .1! 

.3x411 3^-^ll 4 ^£,Jl^1 4xL>J 1 LdJj^^l 3,'"^'^"^' 



















ju A %-i 1 j ^ jjLa-jj i^j_*_ti i", .‘^jl tjl 

^ lt ^3 jljjJLI 4-L>.j_^ j_J^jG Li£^_nj cjJUlII ^ .-^Vl 

La^ .j r j t iftH 4 TT- 4 j !<> f lj_^ ^ ictjJLiUI 

^ ■- \ VI CjLiIjlj 

Blastocyst (»MI)W»jillg^.r 


^JjV 



A^jL^ AijiaJI 
Trophoectoderm cell 


Inner mass cells 

4X£Si 

(aA jK.i\ 


4Ul^l^l ^jJL>JI (^0) j£L^t 


aA^^j (j^ (j-iuaL-iJl CT^ 0^^ L>^ ' ^ JuV tJU (_y)^ 

(^Ijij j. i •vVl 4juflj^ (jJl 5Li3 ij-A ^ jii fliH ^A^jjVl j 

'A ’ _ OA Ljj^j_5j 4_jajrjVt L^Li^ JL5j jIjl:^ 

\Y* aAj4^ Ij^L^ L^-uSLm« jIjlO iJ-unj ^j^jLuJI L^l (J^j 

■ ^ ^^^LuJl A ^ JlJjuA.^ 1 O-^ .^0 jJ^ ■"■tl i4-iL>. 

iAjJLSU Luajl L^iSLi ,2-». ^lU A •''^^ -It J ^ )"i~) Jjl 

L^jlj *i -wV i jtl I ^ "lij I ^ ^ j A 

1 ^ v^j^LiJI A j j)"j- ' A ji^-^il cjLd^^jJI jl i~'l ^ it^ll 

4_jajj^l ^ji ^ ^^A ^L*J1 Fong, C. Y. j jlSJj 

ui-Lj'>iH iill (_^] 1 

4jjj_dl (Jji LJ4J L AJ^g-J^ Ofc.J—">- jL_dJI tiilLilJl 

V^ ‘\ j;y3j-fJl iTrophoeclodermal cells 4_ajy>U 4_^jLiJl LyLiJl 

















jSjJiJI 


jL_^l 4-LL-^ L^ ^^3 jjL... iVi ^ 'j* |_^LijJI ^ n ^ 
JuiJ ^ L^jSLIj t^c:>.jJI 4^jijVl 4 j ‘‘^ j_y it L'>t 11 |_^.^LiaJI 4 j.L< f 

^Ij^'Lkj ^j^LIILII jl 4~f 1 La .^4-^jJI jljl^ 

j^\ j_pL-llLjj iJV -li * .> j) |3 ^ dU'^ni 1 *1 \~ -%. -U S a 

jl 1 1 <1 aj aJ~C.^-A La 1jLA_^ J*“ ■ “j ^ L^L^ CjL^j^ 

jljj^ ^'3 La jLw .iiJL 4^J 

^j.a Lr^ ^ i a •' dj '*‘"j (3^ 

^jji t LaL^ i^OnnS polluCldQ ^ ’'J~JLJ aLtLaJI 

iJl>JI ljub * ^^" ‘ * 4 J JuV O^ ^LiiuJiJl Ijj^ •4-ua.j-JI 

ulJjJu>. i^jJl ^^4^3 *4 ajl^j ^j_a 4_Jj Lo 4jl jj 

(_y3 OJ^ L 3 ^ i* « JjjJaJI LAjlj-iLa JiL^ - 4_ajjVl ^IjJul 

1 j Ua aj >^LaLui^l ajud 4.j^j^ udjju LL* a i4^Lt^1 j^L^I 

La j_^t^^.jL)V1 (j 3^ L)^ ^i^riT i.f^II ^l^Jll 4a^_^Jfi 

.<^Lua^yi 4jior JLdUa ^^LiJI ^| ^^l!iJI 


i»»jii ^ a^ijiii ^t>Ai tf #t 

. L^-a-^j (J^L JJ'-'y ^ ^ cr^ ^-9 (j-u-a-*l 

jJ LaL^L^ ^1 dLj^L^ Lc^jl jLdJ oLi ' 'jL^L^Ij ijt ^ L^J 

L^j^ 1 <.ul ^Iju l4-La 4»La ^ ‘J L^Jja 4jLla± 

5jul11j 4i tUII Lr^ iljLt-a (_yi Lr ^-9 

Jl 1 ii" < i)V cIjJlc. 1^ aLoJU L>^J^ 

5Ll:>iJ1j ai a dt - 1 ^ Jl i n"i mV JL:>- J-a-i^lj Cj 1 t i)jL>. 

aJJt lIajIj yuSi . Juu (j^J (J^ L>^ CjLo^j 4"i j j -w i~il ^ j l»~ i 

,aVl ^j jlj^ 3 ^L t it niTij L. 4 L 0 Lcjjl jlaj - Lj 1 ^ J3 Laj. L 3 LSJI 
4^1^ a"mVlj frl 5 til 4-ija JL^Lj . 4-a^Ju j 4jLa JL^Ll3 4^j 4-la Lj-^ 

L 4 ] JU^Lb > 3 ^ (J-^ <J. \ ^t 1 ^^ ^La^L t ^c- 4jj-L>. ( JLjJu^l l^jlSui 

^^it a 4. jlntjj . ^La_JI |j-3 ‘ ' j' ^" 11 j ^aJjL^L) (jt 

(41:LL OjJ Jl^ 3»Vj JL'v 4-j^ 4-^tjj 3jLa ^Li j * ■"■ Jl 3 (jVl Ijl^-S (3LpJl 

i I 4 J ^4->>jJl L^Jj j-» Cu Cjjljjl 1 aiSj t ! |ft.i u S.UJ Laj 











VtiI I 1 


AjI i Jl^Ij (3^ ^-4^^ 0^3 vJ^ iy^ L7^^ 4 3U>JLj 




(4jl^ 4^4^!^j ^^cjI j 3 jl>>1^I aLj^1 ojI^ ULj (^j..>«j 3L^ 

LsJLAJ ^Vl (JujI I >i*wj 4j] (_y^ LT^'j L>^' IjjL ^jVl LlX (joLjiJl ;jl^ 

t^^u-t-c y^ ^L-u j^ * lIiJ ^ A ^ju)l i II'>>1 1 L^l ^j-uaJj L^l OjJ ui 

i^jjl tiJl j j_ 3 t-iJlj XjTu i^\ . _ 4 -Li^tUl Lilij (_y^ — 3L0JI 

Vi 3 Lj_>> L^Lj^ L^3 4^1 '^Luo t illc Tu 

jL>.ij (jjL^ j* (3^ (JJj^ iji I-4J (3^ 

V ^J1 )S3L.a_>. 3L.J—>Jl ^jlji j-> > hiJLljt )S1_4 a ^ ^ 

*i <»j j^.. -v. ^ ^j ^ 

CjLL^jj—J 1 L_^VIj |kVl L^L^ Laj 3jl—£. i(Jl 4 :^j ^jl 33lj 

^U i">H ^1 1^ Jj 4 ioLL-^I ^_yJ^ iCjljji^jjj^LIIj 

^ * ■ ■■“ jl-4j 4 f "<U ji ii Aj (^^Lllll ^ i '>il jtLjuVI 

4.a 3 3laJtJJ (_;,J<a-»£J l3jJl t^J4 ufv (J-3l» LT^ 

J-ala <J^j i. < tj 4ia^jij Sjd 4jji nj^^ ‘-^3^ U^ ^ ^ 

4a^3 4i^lj 


4jjJ ^ 1 tj <LL>ij-^ (^jJa O^i j' ill (_|/uj>JI JuSJ 

LLA ^J^lSJl 4-4-3L^ tjUjiL^Ji ^lojtj ^IjUlII ^j-o CjI iiL^"i4 

^ (J-4aJ1 ^J^ kZul^jj Cj\ fg, V ^4 CjIj i-a- 'ua 

4jjLJk.j j 3ll I ^ jlj uJuLio^l ^^3^ 

^4-*-u2jj tfL^'Li. otjkj ^jJl^ Lr^ 4^1 j 

3; . 1 Jlj-Laj I ■^"i (j^\ ^-^LaTuj 



^ i^ljJl Gardner, R , L . L^ _ u^^=^ ^*Lua')VI J^lj^ 
Pyruvate, 4 i_aVl Lj3^.^di i^ju^ 3 Lj.>J 4 - 433 ^ 1 ! 4 ^LXnJ 1 jjuua-^ 

iGlucose ^i ^L^JI j 11 ^^'a jlu Lai iL^actate 

d ijj-~j-t d^j -^11 > d • A 1,3 4_La.Ju^l L:3L^ > n *■ *"* c_u^^_d Ld-^^ 

^LdjV ^lio j-V irf-a 4 ^ Lr^ 1 I^J1 -V 4~it" (^-dJLlJ 

j>.Li 1.0-4 y^^jiJiJi ^1 tjjjjj ^ 4_iioJl 4-^1 j a.j^j.j di CjV-cI aTiH 


‘ j> 3- 














j^—J—^Jull i 4-^^ <4 i,y^ ^ liul 4 dL^I 

*l5>^ -^ 3 ^ fiGt T‘'' ^[jtJ\ 4_Sj^j Carayannopoiilos, M.O. 

4 i Ml 1 j- 4 -liJ ^J- 4 Lc. j-Aj Glut 8 A j_^j-o_i-*ij 4 _iiiGI (J.dlj 

^4-£.LI^I (.lU j 4-^1 X j \ i ^ Lq-'Aj ^j) *'• 

J ^ ‘^ ^ ^JJ j 3 ^ JjL.seGj JL^^i^ kljL j£]^.^GI ^J-A 

jj ^jo Glut 8 jj—^^J jlL! jJ^LlJI jj ^^GJl_ 4—5 i 4 __jiiJl 

4l>.^pLt ^JlA L 4 L 4 -I ^ tj\t-»H ■ ■■ ^ ~ ^ a lTiI ^ 

tjjLft-lIl (_jJj (_yIj ^1 Aua iVtj j) 4 ilL-j 1 ^ j ^ jjt"i Mi~t 


i Aj \ 1^ A ^LLaJG Lillj 03 ^ ^3 i 4-aliL>tJL 1^ 3^_LftJI L^.a3 

V 1 ji_A (jl (-_kjij__3L^j *4_iL>Ji j3-^j) U11 Jlj^L^ ijjj I j^^jliJI 

(2^13-^^W *^J.‘ *"' -^ 3-^3 *^1 

JU.,; ^~!Ljj (4_4jjV 1 4l>.jJLI i>JLA (jr^ * 4_<L^j Uaj 

4_ j r .Jk—L^L-iJI 03 ^ tjl-jfiJl ^jL I.uVI V^ 0 

11,^laLui-j U3^ A^\ ill 4ji^i^l 4i3SJl 4-AjLaJI^ 4 j mi'OI 

.4-^ frIUi^. jj ^[-*M S iVl aGji i a.A i^>^3 ^jij-i 

.«.LIIcluu 1 ^jj o^tAil 4j.l-i-i->J1 i-~'l 3 iL^n 

I—^ I j| ( i A-V HI T». (J:>.1 J J3-J^ 1—^ Ml") V C-ljL^ 

^1 jj^LlaljvVI 5L:*6_3j . Lo 4 -a-la 4_^^ ;j u^y 


^ ' iZj^GjJo-C ^ I .^tl 4jj^1j 3 jli 


: J. 


t l^:^ i Mj Lo t5JL^l 1 ^“ A (jr^ L^L^ W>^ ^ d.V ‘^,‘^ 

1^ 31-^ J-^*3^3 ‘ur^' cr^! l-« - 4_4 ^j l>® - 

^1 Lt 4.a l.^l3i.1ju L^ L^Juljo * ' 4 Jl^ (^L^I 3jjJ J 

iCi* 4 Jj t~i • < ■I'lLfl ^ Cr^ dnjLuaJl ->133 ^ t *1 *^3 ' d>' ^3* Cj-ScGjjIa 

1^4ni Lo cJoGJj lO^I ^*L, jLjU£. (‘i4lt4 ^Lu^l 1^44 
CxjL^ILi_u1j CjIjuA ^ i 3L^«_1]L 3L.j..>J1 ^ojlL j jljJl1c.j 

11 4j cJj-oj jl 5 oijl^Jaj ^_A <-dJj t ii-i.uTI ^j^ [^jJu V *^ubjj 

4-l£. Lu^^ ^ .*1. d . ■ "W 1 ^jjt I A. i . .. -V. 4^^^ VI I 4 1 ~I 1 L*ij'\j 

f.\jLuS^ ^ 3 -^ OIJLJ 3 \l ■>. a LoLui^l djLuS ^Gjj ^1^^ 

. I ii%i u Ljj ^j_o 4.1 4 'Hj L* 
























riteiiiu I 


M 

iTrophoectoderm 5 s .U UjjLo-a^ Trophoblast Ij^Li. J^\ LujJ 
jlju^ 1 j^ 4_^jL>J 1 ^ s.Utl \ Lo^ 

Epithelial 4^1 UiL-iJl 5 ^ yi jIjlj^ (_yja 4-ajjVl (j-ul^^-Jul 

3juJL-C 4 l^L_^ 4 y III'll L^t ^t aJJt ^ OJ^J jl JLj^ 4.lU J,l CClls 

U 3 ^ i4£^Vl 

1 juk (^Vl 4jj^J 4__^jLi (ji ^ in £. (^^L.>«JI ^1 j^^LjJI 

Lild lElacenta ^ ^ 1 1 < i_d^^ju La <—U!^ i,l tj 
^.L^iftJt (j-AAJ • lj^l-^1 4i^ j_j4V1 LajIj 

La ^j^ -*■ 42 jj-aj Guillemol, F. lIjij_a_jJL^ . j J^La 

Trophoblast L>LL JiLa A ^ ^ ^IT 4j3^ I ^ (J ^ ‘ tl) 1 j-LflJ I 1^ ^ (J^ 

JlA 4 _lc. J. i a,t uri-^l I *Mash 2 T jjiLa (_yA-j-uJ Ja- »_ * *-J-^ 

J-aJLJ ^_ySLl CiA^Jl ^j^>• JuO^ i^hlt L^LiJl 

5j..liila J 3-:^3 jl 4>j S 3 ,.Aid -^>-^3 1 *^ wJoLAj .lL!jL-i 1 jj 


JufcJ ^laJLj (J-4.U V 1 JJtt i4J 4jja^.^LaJl ^j^LLlU CjLajL^L 

^Vl 4 j jjuIj V UL^Ij Ijliw 3^1 a ^_^L4:Kl 4jl i-_9jji^ 


Gastrula (4M^f) teMt 

iJIjIj , I li 4 i 1 ^ La 4j-:K3j ^jjo j^Su 1 a m *>»• ^UIa i 

La ^jyl^ (J-^ i^. i a,A La Loj^ ^1 l^La Uls L^^JLa i u i» ^Jj-^ ^1 
3jLuaII ^Luld^VI OjL^ 'tj^ 3^ Liiw L^3 -:w ^jja ^ 

‘ iTu I Aiicw 4ad ba L>»Lu^1 La j >3l 

((J.4>> OJ^ 3 -I-Jgj CjI L>^ 

i^LajJI JuV I jJ .CjLdjLuauA 4^1 ju Lx Jljlj^Ij LaJljl^I Lax 

^1 L^-XJ^Ja i a ijij tf^ULlI ^ 3 .^ iiiVl dllj L)^J 4t i^i tlill ^1 

biUj L5 LjL (Ji-ij CjLxI iua\l 3 CjI^ i a") t^'J-li tcj tjL^ t ij ilnU 

4~ ^jLL dfxaUI (jx L93^3 3 I jaU J-^ »La^l 4J^ ^VL 
J^ 33 __Ju 3 A i4J ^_^LlJI j 3 ^ 1 J 1 (jx 4 _I»jTI ^JLA ^ f 3 jaj Lx jaAt 3 
L^Ljfc^ 3 -ix 9 >J.I 1 ^*i[ <" ...I I - ^La^Tl Hpiblast L^LL 












jSLaaJI 


t(J^ '>11 cjJLiiJI ^^ 11 >iVl 4lji^ i^Li lt ^3 ” ^ j'j''’ 

4_LljVi 4jjjj.>JI o^ilJI 2 .l^H oj^Loj jl^ .-,■ ..V 

jLj_tII tliljljL^l (_^ jlA (jjSjj Lr^J 

4_Jj^l 4_j^^^^_:>Jl Ij^L>J 1 (^t Li-A Lit \ (ji JLjV LojI J.i t .4 t t^U ^1 GB-Strulfl 

^ j^.\ > "!Lj_g j jtll 4 lx^ \j)L^ ^Primordial Germ Cells 

a sU:d l jiij alx^ Primitive steak j-Jl U . ; .!! ^jj^SL: 4 i>.j-^o 

Ij^Lkll aljb JL 3 ^ Epiblast L^Lkl Proximal Region 5.<i ^Lill 

lLUju t. < 1 '>Ti L^jI i^jLjJt Si > j 11 4-^j^l 

^^1 j 'i"" a ^ 1 ~ 11 fcjiU C4 -:>o 

JuLA 1 j^LLaVl ^j-aj-£a_ 3 t_lll \lxA LT^ -5 i^ iV "i a 

L^ JLj-u_^I t JL-I-U-^I L^_dJ^)JU l.li^J-£: ijljL^I 

SL^ SLl^Ij jj^LlJI jjLaJI Lo^ LoLoj t JjS" i» ll 

4 H • a CjUj'w fjX. 4 LojIj 4^jVI L^LSJt ^1 La^ Jju^I 

^ * Oct-4 ^ ^ ‘“J 0 ^ t JLIL 4 iJjI ft ~M ^jijj jj-a ^m,.srt L^JjLJjy 
(_yUlj Genital Ridge 4 _^LzJl ^L>JI ^^l udJj juu ^jVl LM-kll 

^^yLj_i-aJl i i.i,.*i.,'s. tr^ 4 j j.n ^]l dil j JUlj 

4^L^ Jl1£. 4^jjljjl>. 4_jX. J^_>> jj^Git ^ (■J-^ ' ^ ^ 4_] 

■ aXkdXl ^Jju.Aa2\ 1 -^ ^ 

fiiiVI tj^ Gastrulation jij til 4 ,j 1 ar. ol-^ ^1-^ iJ^'^J 
^^_^jl * >iJI La.*Ai i~i£. ^1^1 

CjMiJI CjLojiaJI a A^ •!! alxJt 

«Lu3X.Ij 4jy mil ^1 i"iiS .Ull ^ a * ..>>11 j| u til j^Ia] 

^LoJjl ajtjj ,<Ld..^^ j—»■ •~n pjt^ri 

O^J >- 5 C 3 J-a-tJ CIjI ij -K IjLp 5 jLj-1 Ij^L>JI ^1 JlJJ 

^j-a j. ^ISj i 41 j ^ JJdta (_^ (Jaju CjI ij j (J-a-JU V jl 

^Jj 4^^ jLut djij 4 j^j a:^* a 4^lSLa^ 4^Laj a I j * a 4 ^ aJ^jta 

jj-a J^34i5 0 *^"‘4 t4_Ai. (J^ 5tjj t 1, iJJ LilLiA cAJ>^ ■ “* 

1^ ^Jl^ J 4 aJ^i Ait .U.-.tlj 4J,1 -jlX p '..lUlI 

.< fll"iVa ill 11 ^jSJ d>.lj^JJLl ^jt it-iUj 


















V- * ^UtJl 1 J ^ -X t <1 j1 “ ^ CJ^ 11 J y . ^ 

:(_ylj Ij^LiJl 4 (_yJj ^Lojj ."<is ■ U'I 

L)^'L>- • ^^*" i_dj-<-u 4..j_>>jL^J 1 4 _aJuJ->J 1 ^ . t^U ji 4 _LjI3 


3j_JJ| i /jutil 4 <if V f.j 4—uj—^l i • 

^J*^) dJUkJI^ .4 Ml 

(.Ju^L-scJiilj ^d 11 4 fU 1 U 4^1 ^tnll L^L-^lj Ncurii! Tube 4 _j_l_l^_jl11 

. 4.j.>>^^^iU^ I lZj I j < ^ 11^ 4_i_A\^ I 


t** -t^ ^ t-* •" L ^ i ..^ Tt A t 

^ ‘ 1^ ■ j ^1 ■ ~ ‘ ^ »\\^ A . . .. j 11 ^ 


|Jj^1 4_n lL^ H ^1 4 A .Ut _T 




‘ ^UculIIj jj-AjJlj ^-^1^ ^L^jlJI tpl Im 1 U ■*‘>^1 •tlj 

. ..Lxu..^I cJi^Lm ^ 1^ ■" <,^^1 d^Lx^l 4 ■» III‘iVl 
Lj^'L^JI 4.^1>.1 JlJI 4^MiLr^1 4 ,,5 lri> 11 j^\ 4-d,jjQ .V 

jL^ 4;U .U 4^L4 LxI 1 Jl aLiSJIj ^1at 1 

i^j-ulj^^SuuJlj ijJLstiaJlj *4_^jjJI jLr^j 4 j_SjJlJ1 SjjlJIj JLjlSLII^^ 

^ixdi4jL..i nil Cjl^^JidU 4.1L-% iJ 1 4j^L^J^I LjM.^1 ^ 

^^^^3 l_d LaJ ^4*^5^ > ^ 4 1 -ll.t n iJ 4 >.cii iJ I \ 4 * i i ^.! | ^ ^ . ..^ j 

i L:3 uj%_l^ j L>-^ l^jJI ^Lold JlL ^Vl Lftj .(^l^lll 4_1 SLlIi 

td.V did CjI £. (jjA ^“i _t t i\ ^4jj I_aj ^ Uo L^LLloj i^jJj ^jl (jJ-1 

i,ii ">»i ^^1 ■-...4 

ijL^ ((_^Llxllj j^^LlJl (^fUJeJJ 4j^jJajJl 4j_^^l dJUfc ^j_a 

-Ut 4J 4 ^u.jjL>J 1 4_Lg' Ju>Jl <.xL?^JI JJLjtJ ^ I i L^JjO JuV 

SI^dUd“i 1 i^JkjVl 































^ aL> 11 C < 1 <.1 ^ 

.<i * it " “ t'j 4_dll_>JLl ^^>1..^ 

(_yl£. ^^-LaLSlII 5jJ_SJI 4jjJ Jxl_^ O’'-^" (^! 

Lul j_^ _>■ (Jj^.^1 jlj) til it o 


(_^ lojj-^^ . I Ju^ 13>^ L)* LjJ! UJJ ^ ^ 

a J , A . j- -t ^ ^!l ^j ^ , ^ l)1 

jLajJI t^M'w ^ ^ ^ 4jl>,j_^ ^1 iSli-aiwJLl 


4-^,L>Jl4jJ>Jlj LaJl^i LiL.ijxj 

JSLilij _ d_;iLiJl^. Embryonic Stem Cell 


,j\ ^Undifferentiated S^Uix 

La^iJ^ 1 Jjv Cji_d.i^ .5 

SjjL^l - j^A ~i 1 _ L^jJ^ Lj^LiJl 

^ I jy*j I I ^ 11 i ^ ^ ■ i ^ . i.fi 1 . V 1 . 1 ^ i! ijy I. .i l t ^Luj-dJ^l 

lO—* j ^ tLIa£.i L ^»' 


L^i£. 1 _aL4J ^ ^ .2 .v«> ^ "li L^U^I 

^ 1 Aj \ ,^ A 

jJ^Ij^jlJI L-^l 3-^ <^iil tCii^LJiJl A-j^j-okJ! 
uiUj iJL^i-x .udJ j 1 CjI^jJL)^ 

(—fciill Li'L^ 1^1 Jjl A Uj Tf "itl (_ylx. L^jJl^ 






















N?PI*6baAaJI 


V 1^1 J^ . 1 I Jl^I ^1 ■ll'^ll jI cUjj^jlJI 
,_yl£. SjJlSJI tf jla (jps dJJjJ tplaccnta 44 jmiU 

jl ^_y^ 5jjLi]i I ijijLa-U ^jl III! 

(3^^ 4al^JI aJJb (4a^juaib^l Li^i^iJI 

.The magic cell 4jj-auJi LaU^I (_^>iII (J 

LiJ JL)V i4_j_c.jL>Jl Ij^L>JI 4_iX.3*JI dJiA (_^1 3j)^' 4 4 j3^^jJ. 3^ 

4^i"i4 > Loj 4 I ^U 4jl^tt 3^L(^i 3*^ ^ ji .->» . ..I 

4 ii^^ll 4jl->!l dJuft <-fj 4 I u (.LUjJ . L 4 L 4 J lT^-^ <^1 Uc I 4lxl^ SjJLLo ijji 

jji t.*"■ -.Totipotent oI^jl^I 4JLoL^ 4.^jt^Jl 4.j1^1_} 

^1^1 J£LjJI Loj jluu^I 



4^.1^ 


jL^ Li^L^ <.^^j • ^^^1 4_jjsJ| 

J^l^ ftLLafi.1 ^ SjjiLfl Totipotent 



Pluripoleni 3^'j 'i.-w b^Li. 

L^UJl ^ I ^ ^ b • > ^ 1 ^ b • 1 1 


Multipotent ^1 jjl 3JI ojjjJia iiJL 4^jj»- 4^ 

\ ^ . . . . - . - - 
] I d^Jsl ^ 4_k£.b->> 4_-Li> _ ^J^'^L.. a. J-I-C. d_a_^L-> 1^ _ ^^*^1 

J 3 .^■^~ a ^ *"*J g ...at ^ I.^«1 V I rt".,,. a iCjIjJloJI 

I * 1 ... i I I t ■t-' d * n > 


\ f 


*^! -■ 


«4jj ‘ j-* 


i Jki>- ic-tld : ^ 


Lj>U. 


Unipotent SjjLiJl ^jLvl iilL bMi^ 


Uj . 2lUIS 4»ih.aill 4inj^jJt ^ 

~A.^.^i^~ .1 4jJb 


Li^l^ ^ ^ J iJSblil 





















j ^ djLJ ^ ^ ^ j'^tl clLal^JI 3 jJL^I 

CjIj, fuT, (j-* tBlaStOCySt 4 ^jijVLj i-^j-jlj Lo t J.V ^ a JJLC. 

* l 3^ 'd ‘^^lll a tiL^Uliall L^L^I 

LiL-i- _ L>L-iJl i?juh ,3u«jjSU Inner cell mass 4_^ijJI aj^-UJI 
jLJs \ ^A) ^LsJt ^L-^AjlII ^LL-s " . ^I _ 4_jI^1 jlII 4-tjSLll 

^ i4_jj-u^Jl 4^-CJLAJt Li^i^iJI (.L^oLlII ^ i3j'^ ( 31 ^^ JL^J ^^ 

^ ^ ^ t ^(jjj ,^_yA J <\ "i HI A (jSLiliJ j. l"* '*■'11 


3jlX j ‘‘*‘■*^V^ jLftj _ ij i * L<i^ . ^ ^**j 4^iC.JL>> 

^ ~ L^1 L^'L^ ' d ^jj 

w «ft ' 

^ ^l^oa 


4,j-C Jl -^H LM-phII 4 _i r . Jl- ^ 1 Li^A-piJi kL)JL>. La 

James A. Thomson ^JL»J1 4iau*-ul^ \ ‘^^A ^^LoJl 

aL^JI L^L^i ^Ju9» ;jj| in Aj^ Jl>^ t^j.4^jLo • Q^-iOLlSLuiJ^ 4 jusL:w 

J^mi JjJLjlJI Ca^jj^ ijjl—( uoI <L^^j( 4. jl^ljJI 

IjjL^j L^ )lJ3jj (jjJ 1^ L^J oj ^.oU Cj\ Ai^W 4h*^Lsfc,c clJloj i4Jj^ 
V^Ia ‘ -i t-. 1 ^ ',i-^ a 5^ i^Ljw LT^l 3j? ^_■ L%~ ..." L^l 

L^L^JI Ijj-v Lc.^ ^Lk«"^ ^ ^ d T U.' u^ J" i *"' oW t«iUj 

^ Lbj^£.J ^ -il .^<r_Vij 4 ,la1i jjj^l L^Aie^ ,a .^.^-^"4^ 


I ^ jt 1 ^ L7^^ t4j^^jr_iiJl 4jl -Lll fiJJt ‘ 'J L>^ 

. 4ul^l^ u3^ju LJ JuV 1 jj I JUJuiu f-Vx-LAi 


^ ‘^-LP' ^^Lst^o 3^1 ^AVA i^LoJI • 

ijLj.i>.Vl t M >ljl ^_yj9 ju_alaJl Jj' ^ |^LtJI • 

.4_i£L^Vl 3 jl=&3JLI cjLV^I i-dJjij 
_L^G 4_«_u1jjJ 1 Jiajj (jLaJl itlJL^j ^ ^ ^"V * jiLoJl 0 

Embryonic 4 j^\ L>LiJl >a ^LLa^^l 1 jla j.i i^a 

.^jl:^! L>L5 tlj j.vi^a< cjjLi-ij (germ cells 
























Bavister Edwards oULjJI W^A ^Ldl • 

. J |"| ^ I, t (jLiJijyi ?.Ljaj^ 5j-« 

j LJS 4_djj \ IJ j Ij-Irv- t*i L>^ —<—<-L5->» ^ ^ V • ^:k LaJ 1 # 

jLiil lluk Sl-^jl-^I *::^j3 («j iChimeric .UjlS. jLa 

4_i^ljjJ t 4. ..ij 

Jaj I ila Li ^Judl ^JlC. 

3 \ ^ “i H aSILqJLI ^1—tjl c_i^Ui j 3U Jdj ^ \VA ^1 »JI (_y5 • 

. Louise Brown oj'>e j^d cr ^-^3 ^Ucl^I 


OJ3 4_ljjuaj \ Jij—j—t-u1 (J^i J-Jj ^ ^A' |iL-*Jl ' 

.Candice Reed juj ^j_iil_ul^ l 7^^3 

4 _^jLj>. 4 jLv- J \ ^A^ ^LtJI 

^ ‘J^ Cy^ 4-jl^ljdl 4j^Lidl 4l"i^ 11 Ij^'Ljx 4 j ij 'ly 

^Ij|j1 ft -v Ijlhn ^ j tOljJU^I 4Jii Ji<U^J l:w 4„j,1V^ ^ i?< ><U 

S“ " j^i-LstU 4 jjVl 4 ^^j.j^l oL 3 ._ileiJl Jjjj (_^1 L^Lidl 

.jl£ c.i.*ailjl J-aLd JjI jd^ ^ ^A^ aLaJI ' 

Andrews. P. W. jjjjJt ^1_»J1 ^AAA ^ ^Al ^1_ aJI 

Embryonal 4^jjui^ 4_^LL3j_i_u Ij 5L>. ^Lij| jj-a 4_3 j^j 

LyL-i- ‘Lh'jj ^ oIjjlaJI S-j-sI^ carcinoma cells 

^ iTesticular Teratocarcinomas aJia^ .»".U 4 j i.n ^1 




4 > <^r> Ij^C> O^La-ij cJji •» "> 4 i j ^ 

S ^ ^ SjjLajJLl L^Lidl (jjo Lc.i^i 4 -j i liA t j I 

4jyL_i-u ^L-3-)j jjA Pera, M .F ...i ) ^A^ jaLaJI ' 

A CjuLa£.I (4_^Li3j-^ 4 JM <> 4j^ <ui Ij^Li* ,j_ujL:t_ljo L>U. 

.4_Jj^l dj... 't^n ."il .Un ^^jja \ 4re_i_ajb/1^ l_iy>L3di 

3jjJlj%a 3jJl^ Cjlj L^i La^ iJJudI j:^lj 1^ a ^Lta 

(_yjl 3l"iTl ^L»jJl 


LyLi- (Ja=^ ^j-a 4.5 j^j BoilgSO, A 4jl ^ jaLiJI • 

4 I Mil iTunlI . 4j^ A di 4 _il'>^l jJI 4jltSLII 

^ Fibroblast aJjVI jlL>JI L^L>. L^jusluj i4jj_ji^l Ajajl^I 




















JtimCS A. Jjj) ■ ■■ ^ j^LIaj_i_yl \ ^ ® 

-a- - lU ^ ^ ^S?l ^ .C...>^ ... 1 si .fl Thomson 

4_i£:Jlj^ L^Li. (_;rAj . 4 ^ jl KI ilL>. Jj-iU 4 J M Jj) 

4 ~i a J'j) '^“" d^LjSLII L^Jl!^ tOljJLflJI 5^^1j 4 j m j-w 

CLil rt itnll 4 jjLjl!I CjVL>J 1 (_jj3 ^ (Jj) •fcJl ■ i> 

4_j-C.JL^:^I L^<L-^1 a^Jb 1^JL->.J 4^^^! 4 ^'i j 

^ 5 ^ J t ^ 4 ^..tl 4 t't /.^\l 1-'^ _^tl L*j l~ 4 _I .^."i S 5tl 

L)^>L^JI ajjb i}^ *^'^11 ^L£L>aLi L^ 3-^j ^ ^Li_ujVI 

. 4 t <fc4 t < ti >V1 ^ 1*1^ 11 4^ *M i >\\ i 4u^ I 

5j_^ t4_4Jj_3j 1 t^_tl .11 a^ ^ ■■ -^ j ^ ^^A |kl_tJl ^_y^ • 

LM-^1 4^ "u i 4 j i j i"w 4 _jX.Jl_x L^Li- j_y^ 

1^ A a ^jL-^L-»J LjL^ 3.1 i4__*jij^ 4 j 1^1 jJl 

^ * 11" 4 ^ <U^ .11 1,fill jll 4 j M f 7<11 4 j r ■i-:^l l^^L.^1 4JLj1 . 4.J j) -^11 
frLLa£.l ^*^4 iJ 1 j *' ^ 1 I dj 1—4^ 

CjM^I 4 L .■..i-^tl c.7 ^^ IjM-^1 *-^-4--^ 

ilJjLkj-j-:^ <Li.u»4_j ^LjJI ^ j.^-~-4.I I 

ljiL->JI 1 1 ^ ^tfc a’l Ij5^-_>JI (^yl£- (j-4 John Gearhardt 

Human primordial germ cells 4_.:^:-^n 

5jLt4) _ 5 j^- 3 11 i 1.Wj Ldl^^lLud «.L4 _LlJI ,^jji t3i^ o^ 4-> T * * * ^»IjJ1 • 

4^£,Jlj:k 4_u^i1^ Lj^L^ Jjjua_>Jl - BongSO, A. ^ I M.m \ 

Jjl alU"ij Ci-dacl (4 _^Jij^LJ 4 jl^ljJl 4 a .U! 1 Jj-4 LLUjj 

3Ji.1 t "ill Vj^ 4 ^clL^ •^L:^! ^1 

S ^ 4v"ii Ij^l>ji j»L-ia4jVi 

Ll^L>- oV^-LiUJ Ij .4^ ^ ‘"T J **- I^jd T • ' ^ |:kL-JL!l ® 

i“.A.t ^-"...\j ^4^.^. i\\ tfLdj-i-^dl 4_^jLj»dl Li^'Ljdl f^jja jjjulU Gell lines 

Ij^L-idl (j^ LT^i ^1 4_l_c,j_:^l Li^L-iJl tfJlA JjLJ^ 

^LljV 43J*^ dl (_yfl frl 4 !* 11 . J 1 iJ^G 4 < ^ I Vi U 

(_p--4 i ^ xlj ^LL_5tJ ^1 I ^la 1 (_^^^-JlJ 4j^^_iaiJ 4 TT I il'l Ij L^L>. 

. jjl ..4^.i^«tl 



































4_j_Lu->Jl 4 _i_^Jl^>J1 4_.^-L^1 i^j-i (j->) ' > ^L-i_ail ^J ^11 
^j_^i L7-^J ' il 03^ t ... A jjt^..ll LjqI 

(_Jj 1 ij I *^ juj>J 1 <.j-LiJI -^tI Lj jj_A ^ Lft 

■ ..ij . Mil 4^jjt «"«*^ ^ j ^ ^ t ^ ^ 

'^ J 1 ^-v ^ ^ ^ Wt ^LkJI Bongso, A. J tn4 

1—iJJjl mIu ^ t ) ^1_jlJI ___^ ^ L <Jajl 

) Y* • • ^L_jtJl L-iixjl ^ jj J "'^ >j tRpiihinnff B.E 

I ^-4 Ttj ^ ^ ^ ^jjj ^Jul (J3~^ ^L>ij l,^ aL aj) or j 

iiijL%jVl ^'"■~ ■**< jL^jj .^Lc (J^ All 1 ^~«tL>.j \ ^~i 11 ^ < y rt'^ 

C-uL^ 4_5t_t^ljj 5^ J I ^ Ij^t-py olj 4 _AJu'^1 CjljL^ i < K 4j| t-JjL^JIj 

3«Ld;^ cIjI j <LjjC. .,L^ \ i Ij^rLikJI << ji^iC 

^1^1 ^ J “'^**J.* t Lo IjUb^ i^Lo^l gj, i a.Aj 

J ‘~ ^11 

<11-1 ...1 ^ 1 2Lj^~._i ^ * U^Ll^X^I ^ ^ L^,i 

UjLu^-^VI 4-£.Li-y To ^1 T1 JLAJ ^JL-ScJIJLjJ 

i Ij<*K ^pSl (Jj^^ iVI 4 1 irfn 1 4 i^j^^-jJI jl CjjJkJ^I IJL^ 

» (jA Jjl^ I J 

_ \ V I ^ (jr^ ^ ^ ^ JULJ 1^ 1 _ LiU I ^1 JJK-I 

^jut tN^orul3. ^^ . ,.~^ tL^L^Qj Lj^'L^I jjl^ ^* 

^ 1 ... ^ < 1 ^ jV'v ^ cr^ ^ ^ 1 Aj. j ... 11 ’t^\ I ^ I JL 4^1 4JL:><^^ I 

jj-i (jl 1^ ' *J ^ I cj-^I 

LL^ jL^JJ 4 I ‘ ~' ij'vVI I J _ 

4_uajj_Jl ij ju (_j-a ^\ niRNA (Jj.j_ojJI Lj^I 

(i_kJL5 A Ijujuii 151 ir\“Ti L7^ 

(jr^! ^6 '^*.* 





























Juu ^ I 4 iU n ^ (J 4"^J ^j.*t>oL?Jl 

3 _jtj l .i JLi-a-iL^l ^ Inner cell mass jJl 4li£Ul Ijl^ uiiJj 

jl 4-oj^^U 4 _i^jL_>JI 4_5_iliJ La 4 _^jIj ijJ^ljJl 

LMiJl ^UiJ (jJjVl .ia-pJ ^1 .Trophoectodeim 

. jl)Jl>J1 

jJ (3^~^ L>^ La^La tjl.a^ II t n a "iI i^JU^I A ~ Lubj 

O^jJl j-A ^_j_1j_L>JI (j-jo ,_j-u-al — iJl j II ^ 1 “i aj *^3^^— 

I ^ i-a ^j ^>-^-*-11 L^La.J ^ ■ - ■■! '• ^ 4_a^^VI Lj^LL I ^ j ^ 03^ ^ j 

^1 > j I ^ Embryonic Stem Cel 4_i-Li_L>Jl 4^jLpJl Lj>L^I 

(jLtii-i'^l La^Jl^ i^I ■ > t4_t_L>-ljJI 4_LSL11 L^C>^ Sjj-^aJLa 

Y' • ^ (4_ajjVl) (J2 i-^l l L^L^ 4j^ i4 jlL Y i ^j T • 

YO- 

I ^ tj ^ 1 * 11 ^^-a-Al LjlA ^ j ■ -*Lj (jl 

4^j-^1 54-^1 jJI 4i:;SJI j-j-i-aj ^ Trophoectoderm 

_ rc_j _ljjL L_aJ L^C_>iJl ^JlA jj ^ ~J . I_^_ jJ-C. ijj__ >Jl (J^_ 

SjLja^ t ... -^ I A1 ■ 1 4». “ ^ ^ Li Laj^ tt-fjjju j a 

i<i 1 JlI i ^^'-^11 4_LSLJ 1 ~ ^ j ~ ^^ 4_d_Lio ^ In 1 

j> 

1 j-a J;j4 j\V T 0 j T ' La (_ 7 -Lc, ilnrt4 J. ' ‘ ^3 ' '* ^ '^3 

^ J I jj I ^j-a JLjV LLAj . 4 4_j_c. j— 'w V ^ J) a i"ij 4_j-<DLi. 

L^'l 9iJl ^ (j-A— 1:>J1 p L> * LiUju LL) I J-A^ ^^^-6—^ ^(_r^ 

jJ I (JLj>.J ,* .‘ ^ ^J Jt "‘J ^ 3“^^ ^ 3^3 ‘ 4 lC. Ji. 1 

s' 

^j_a JL^ _iJl ^jlA ^33^ ^ t^a-A^ j f.j 4_ml mi 11 i ij 


(J^L^ 03 ^ 5jJL J a i"> Serum j 1 . 11 11 {J j^ll 

(jy^J t^^l a Ti tjl 03-5 o-^ ^l J a d tVi ijy^ (jj-Lc. 4 In 4 I -s U 

L_^jJ iPluripotent ojljjL_iil L^L^ L^u ^ j a "n ciJijLa 

t ■ 11-> 1 jl Lj^L-idl ^j-a _i.<a_3e_iJlj ^I a *< 11 Ic. 5j. k all 

' “ ■ ‘ r, ... 11 1 ,1 J J) a Ti L_^l _iv^ ^ ^ 1 1 t' 1 ^ T * ^'3 '*-d-J^ L^Ltt 

. ^ ^ M .i*v a 11 ^j II J Ij J — i-aJL 1 — a LiJ 1 


•• -/,Vl 







































^ Jj) 1^3.4 ^ j r.^ ..^~^ ^ ^ ^ (3^ i u.uJ 1 Ll!u JL>. Jl^ 

<j_£:jl>J1 4^Jl>J1 ^I^LTu (jt t-ljl J-^ i4.j_Ij_L>J1 4.^^Jl.>JI H 

^ iHj l_d^ / I ^ 11 ^ 1 ^ A L^ I ’i ^\ir- ^ i^Lc. ■"■ * 

f_^ic. 1 I■ 1- ^ ^ U-^ . <( 4_i_C. )) t .SI (^1 ^j;r^ 3 ^ ^ ' 

tZirt 1^1 < ^1 1-^1 i i^LsuVl 3^^*^ 14_j j j I I 4_a^jL>tJl 

, <L4J^j SJl^Ij 4 t\^ L^jl LiJ^ 4.^J^^1 Lj^L>J1 i^_ya Lkjj^ J-^ 

^ t^t t . . ^ -v. j( I A J t > ^ A I . . .. ■•^ dJuJLX. ^ ■ /* L 11 1 13 

** > 

*4 ^j^Ju ^ 3^*^ i ^t a 'aeJLi-u^ t j ^ jLc 3j) ^ ^ <~. a \ " . ..I 

. 1 ^ <1 aV 

I j£j ■ ■■'Tl L^Ldjj L^L£La <;Ll 4^x.jl>JI Li^iLa.!! ^LoJ-aJI p--- ^ 


Embryonic Stem cell 5>^»a,yt,yu^!^..u ;:.\^s ^ 

3^ JlaJj . 4,^t.c. Ja 4,tl>. . B^LaiIuo ^ j f Ij^Ia Ll..ftic, Lo^ 

3-4 pLl 0 (_yjj i IjjJaj^ C?^ d^l4.i i!l 4j^i>Jl dl“Oi 

d 1*^n .t-*_.jx.V jtVl Li^La ^jji LajlaI 3^^ Lx-^ ^ ^ 

3jJb^i L^JlI Lj^^a La^x^J C7^ d tl^i itl d >^l-^!l 

oj^\^ L^Ia L^I L^L^I "w c-lInf Ij i ^iii 41 

. Pluripotent oljoxJl 

Adult Stem cellUlL^tSL^li^i bMitl* - ^ 

-lA 03^ LqJlAj ^ j HI» 3^ JlaJj (jr^^ L^'LaJI (_yA^ 

3j) pit t < IP La£^ *djx-C. 4.!iji aII 4_iAjJLl 

1 LxLx-t d .^ .>-* ■^ ~ Aj aJ. tl d-^. . ^.\l Jla^^j '^3 'i ^ ". A j^-i-C. £U 1 a ^LajL^I 

^\ ^j’^-*Ji 4 jS[ 1 ’ll jl JlL^I j! pLtaxJl (_j-dJ i^Uix LaJi_^aj_^ 

JuJbM cr^ L^j. \ rt a jA t<UA,jA ^ jj .TcCth pulp 

^ Nlultipotcnt a \.i ■ L^jjla pj (3LjaJ1 (^jlx L^ 


Mi 1 


^ j Mil 3^ ^ .O-ISLl^j C*x 1 4-1-B 3^^ 4 I aa\ ^ j i u 4 i^ Vtll L^L^I 
































_>. t aj 1 1^->. j 4_j_i^Lre-t i-Aj—1^ « ^1 


Jj-a-a]l J j ■;“! ! . L^jLli (Plasticity or Transdifferentiation 


Embryonic germ CellsUM^i.r 

(J -Jt-j ^ •—« «.LLa£.l (j-1^ 5 jJl_SJ1 L^jjJ _>. Ly^3 

.SK-i ^ * -1 ~~ L^l (^1 (O^LiiJf <L^^Vl 4.^^j_jj.j^l t~a S .l->tl \ ^ .I/* 

jK (.11a£.\ L^jjL-i ij\ iPluripotent cells ^ st l jjuu 

4—j-Lj-l.>vl 1 ^ I g- i 1 1 Li^L’^JI 1 ^ *■"*! * Lu^<1' d.-*- . 

^ j *j ^ j ^ ^ ^ ^"i "fc.Ldi (-J t ^ 1j ^ lZjL^4_l^Ij 

John Gearhart ^jLa^ j o>^ cr^l J 

4J (^^1 J (4 j*C_i_^Vi JuVj-;^ ijLjaL:^ 

4 j M f ^1 4..^^J_^1 (_yi^ ^ ^^A ^LaJI J-A 

4.^jVl ^ J ^J ^ ^ ^ ...'iVi ^^jja ■ ^ * ‘ . ^ n d--^-^-i--.-^.j 4jL>aUf 

4 L_^ 4-1-l^ t it 11 S/ Ljl-Ci-xl - 4aA^^ 4^^ Primordial germ cells 

(j-Aj ^ Cjy^3} *u^ La^.,a£. _ |»Vl 5 * 

j i^j Ct-^ C7^^ 4j^Vl dA-^*)<Ll, 1 

^11 (u I ^ i a L^Loj 

.t a,^-^y 1 ^ LTV Ia^ ^jJi 'j'j‘7“^' i'^i 

1 a 4.^JL:^1 (jja* 'O^J Ij^iikJft 

• l^AJ^ I 


Spore like stem celli2au>>>CIIi2L^:L»ji bMaJt.l 

L^jjJlaaj j 'v "“ '^J ^..Itl 4 i j) "i a 4 __I^Lu/ ^^^Il-i-aj Lj^C^ 

L^l (_^-Lc. Cl43j-c.j t<J CLiJL- -X J (_3^1 ^-j—toijJl pi In f j (_yl^ 

Vacanti, M. P. ^_a I ^ a JjI ijL^j . 4-iJLj 4_^ 

ijL_:v 5^ J t Lj^-Li. (jj-1^ tlA^ (T* * ^ j^LjtJl 4_djj-j3j 

^_^-ui_>J 1 ^j_i_u_iJ I Lj Llii 1 0^ Ij a 0 t>a J^i 1^4 

4_lj-iie_A j-j-ii (jyJbj . jJLJl |4 .»Tidi 4 -a- i.i'ti ^j_a Parenchymu 






























^ ' J ^i5 ^^ (—iUL^L jLI, i t ".-^^\ ^ tx" *" L^ L^ (IDorms^nt 4^i^Lt-u 


' ;JJ^ . .. t Ij ^Aj 7t~\\ ^Lj>- 4_uu-V i A ^ \ ‘ ^ j " A L a" 

3l J ^ JJl.^ tit i^] 0.4 t 1 I 3 jJL^1 L^jJ 

A 1.^ 4 ^ijj ^ I tt.“ . ..*1 ^ A , ^ j1 4_^ jG 4 _lL>- j 

L^f i 4 JLx 5j1j_>. 4_:^jJ tLil j <j ^ j \ ^ y < iXVl ^jjs 
^ A — 4j>. j J (_p^ ^ I Jl>> ^ .>i A '■*■ i 11 3^ ^^ J^‘''' “** f 

i rtdUrf^ ) (,^Jx J4 j3 3JlJL \j^JijA 4_:kjJ AC 4_:wjJ \ ^ ij V i h" 4J i a ^ 

** - ^ ^ 2L_(-uIjj (j^ flj (3^*1 "wL-^i (Jji Lfl.4 34 _£.L-i-u 

(JW~^ 3^ ^ ' L7^ ^j^jJLl LliLljl^t 4 •» III ~> t 4 1 Tr " U 

^ ^ I 3 ‘ ^ ^ ^ ^ ^ ^ LJL ^ I *' ^ I iJL^ia^^pJ ‘ ^ ■ ‘ '**^ i ' ^ . ..^ I 

♦ i IH li l^vt 3^ i(.ijLL4 

J-Jfcujj ^ 1^ L^-L^iJI tfJLX (jl ^jj)"i -W LjJ \ j y ^ I i 

^j-4 \5> oi"^ IjJiO^L^ 4 JLa (^jJl gJ-i-ujJl Lj^i-^N. (jyJj aGmj 

(jji <j LL (.iLIjj (4..kilj 4 ^xjl^ 4 jLw LxjLiGd (^1 



t^LJl I A I A 3^ ^’LiL.t...^ . 1 ^ ^ <1 ^ >l A"_a 

4_La (^jJI VI .■■■l/JLi I (_3! 1 A1 

^ ^ ‘“ 4 \ iTf ~JLI 4 I c. jLjr^l U^L-^1 tfjL^ ^1 ^_^GjL^l-d 11 rt "i ■ >J .Cj^Liw 

' ^ J a jLil^ ^.j_i_ikJJI lGlIj jI 3u ^ i4-LaL^ 4_iS^Li-u 

^joxdoJj Ljl Ijjl L^LuiX 3>^J 4ijj Ull l^JL^j (j-A t f jljjlIx 

^_i_uioji '*' ~‘“j * t ^ J • * La&lux 

Ll^L^iJI ^Juft p _iJI Jib^V JL^J . t ^ 

jJ^l£Ll1 ^j) iJ I «1^13^1 Vi (j( ^jJUuaJl t1jL> ^ J > 

iMinimal genome L^ii-lju Lh-^ <-4^ f>^ 

I-i 'V 3^lGJi tfj-v 3j) ^ ijub ju-3j 

^ ^ ij • A lJi-jUoj 4jj “ J^' Lr^ 

^jx (CNS) (^j^jJLI ^ I ill jl ^ ^J-uaG_iJLl JfrLi-u_jJ j3j 

4jl .^Q-uk^JI 4.2fe_i_ujU C^lj Lq 4_) ^3-^^ ijLA 

I^LjVI tCNS ^ Itn jl^ Lajlj^j JU3-I ^4^ toj ^ 


)^LLa Ljj 1-1^1 *—^3^ 4^jL3J1 


























Fetal stem cells U^UJi-o 

3j_Jux._^ 4-&jjl L 4 ^ A ■ !l ^LJI jjt i Li-^ jj) id^ ^Uj 

^ -'*.11 4_3e_uut i^j-A t ^ LlA 4-j_C.Jl>JI i^^Lul 

■>!! fijjb j.' ^ cjI j a ^ Cy^ jljV i »1 i tn 

I jj . IJl^ 4^^i.uJ jJt^^ ^A 5jfc-4.ajVl A^ 4-i-C,,V^^l 

(4.^Jl.>JI l-i^*LJ*Jl I Jljw L^a^ ' ^ ^ ^ ^ j.j 4^I 1 4.1>>V1 (jp9 

d ... Wl J I " •* J .^jUL-uJjl Ll^iL^ ^ '^~ ^ 1 L7^ 4_^L£. 3jJl^ L^jJ 

4 ■» i nil 4-^ I .III la£^ «4 J i I J I A ^ I I (I t4j iMf'^ll 


Embryonal carcinoma 

(4_i_uu.>Ji 4 ^ . oWl ^1" • -a (j^ <~. . ■■' 4 -^Jl^ Lr^J 


ju^^ ^^jyl (-J^ iTeratocarcinomas ,^a ^4 j i^kJI ^ Ll^j 

4^LLj-.uJ1 Ij^L.^1 aJJt ^t II A ^ *4 1 ^ V*! 11 b^L^JI jljjljJI 

ljulb (J3^ «b^t 4.^1^!I 4 jr 4 .jLa.*uJ 4jM!i-i^l 

jLdSij t .r.idiii 

4.j^Jl^ 4^1--!wj 4jlIIj 4 1 1,1-fw 4^1_'s- jLtoI 4uaaJj>JI 4 .j^Jl>JI 4_ Y 

LMi- iReprogramming <mj^\ SjLcL ^j-»j La 

JjLSjLa 4 1 a\-3^ CA-^ "i > 4 jjjl :> 

_ (J^ 0~^ OjI^ ~ ^^*^***‘^^ 4.jr jljJI 4j1^!I 'i j -w. t4,j^j^^Vl 

4 I ^j-l-i^ dLjsc-^j^ j 1 ^I (.iU j ^ i4 -jLIL) ^jJ^ 4 _j-L>- 'j 

4_i1aJI ‘ ^ L-i-cn^ * ^J.A-%-) (Jj—>«jj >.4 _^L-lJ1 4,)JlL>J1 


Somatic ^ji i hi -^t si^jji i3dJ^ C>^ ^ J * j i ^ j - a 

nuclear transfer embryonic stem cell (NT ES cell) 

t )g jb '>,!i ^... t 4_i_bjj^ 4 j r. j -v 

3tj-ij i 1 a") ^ 1 L^1 jj ^jji ^4 ti^ Tt A jt 4 I V A a1j-<-u) 4-uu^ 
4 j ij f'v 3i JJ ^j 4 _aJLJI 3l^Jjl ll 4 Jl!Lj y I ii'^ 4jl^ 





























5jju-5Jl L^J ^ frIUf j j^Lc. 5 jjl- ill L^ i^ljjL-ill ^XaL^ 

a.:.:.^ L>lJw 

^ 1 4 d 1"< I 4.^Jl.^1 ■" I <■! 03^ ^*^3 

I a ^j£w4J t. i L^l a LMSJI alxjt ^iJt\ > Lft^ 

CjVI ^ O CT^J tcljJJLil 4 _^IJuu 3 < II U-JiaJl 

. 5 JyJLC. [Sj-^ I 
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. AjjLij_>J I 4^ Jlj kJ I 4aiikJ) 

4,ij,jI1 up^ 

A^i^ijJi 4jj£L!1 L^i^l udij 

4_^3jVl 4 ... Epiblast L -.^ y\ 
dLc.\jj Jj-L^ <UjIl iBIastocyst 

5j.jl,4*iA 3- ^ ~‘"j 1^4^jjl 

L^l ^ *Pluripotency cjIjj^I Sj-a'j 

4 _4—1—ili-ll IjLX, L^ JL_U1_>JI ^Ijjt > 


.Extra-embryonic tissues 


r,M;ii I'liu 





-The Embryonic Stem Cell (♦) 


















*-l»l j 4 j-4-*-ll^I ^Jj:t L^>ljj>-I j-4^ 

1 Ju^ ^^1.11 (ji_l^l L^'L^t ^jt t~ij >• ((JljljjLii 4 j ft < h" t4 j ij CjIjJL^ 

^ 1 <u7lJ 1 L^jJlL) I < j>J I j-La*i~ 1—4^ t^.4"l mil ^L_u^Vl L^jJl^XJ ^Vl 

;^l i<Ljjl£Lja ^ ^ ^ ^ .w“!i i>Juft 03^ • I V t n M 4 ^1 

JuJ_=t__lJljj 11 Jl^ l 11 CjjL-i-t 4_j^ j-!l ^jl£Ll,l (_^j 4, ji Jill 

fcj (j^LiJl ' JLjJl^o j “i 44_«jj^1 4l^j—A 


djL^ I~*t ^ .^it Ijl^ 4_4J^i^ 

1^1 4 A4 < u~ 1 ^ jlf. 


(_^ LIa ^ 




Lajl^i 41 Ijl! tLiJ;^l L^L£l>ajJj ^ jl-^tl 

J 

. i^o^l^ L^J CjJL^< ai>. 

aJJt 4j j 'i"'" Ld 4 J 4 4.ijrJl ^1 u 


^LL^I L^jJlA iLlLd 1-4^ lt^3 \ iitl 3^^1j 4 jl-^ ^ 

4 _^^j -:^1 Cj^Liiil CjLSjjjJI jI oI n <1^11 LAj [ a 4 

iw3^-j-u Trophoblast ^jL-iJll 4 _jojjVi L^L>. L^l jlj *4 j iji-^JI 
primicivc 4^1jb^1 ^ Ji 4-2^^! (.1 a.^aI L^jI *4 4 j <M1 ^ 

.Totipotent cjijjLill 4 jLu» UilLV endoderm 
^^£Lj _X^ >^lli£Lll I JlA ^Jo^iOnJ) I JlA ‘ 

3 j|j_j_ul (_3Jj 'jJUj . 4jr jTTi^ll 4i,^i>i‘iTI JUJLso 

4 jJlLw 4 jl'>- i.^la£L!l I JJb tSj~^ u 3 _j- 4 -u Mj -45 4 ^J.'^II 4 jl-^ll 

i^L ^ J i I11 LaLjJl^! LjI (jr^ 4 j 4 u^Jl:v 4 ^L>. ^ i ii^~ 4 jl]Ij 

1 >5L^i (J^ L^jISLa tj! ^J (jr^j 


M jMIt 

V V » • * w ^ 

L 4 4 _i_lUj^I 4 ^:v :^1 I 4 I 4 jL^u (_^1 Blastocyst 

(_3J3 4_c.lJ^yjl 4 —iL 4_C (J^ L^ (_yl!l tjryL^I (_^LIj J-:>.Ij-^ ^1 

Y * * ^ Ij^-L^. ^j, _ c. ^1 ij 4_L>.^jJll ^jla (_^ . ^4^jJI jl j_j>- 

4j^j 1^ d S IUi (j-^ L 4 ^ ‘ 4 jl"^ To* 

Trophoectoderm ^jJLLI d -LJi ds .U! ! lj>LS»- " LMj^I ^>0 

d ■n 4_il^!jJi dii. LtU ^<■ ^"1 d_jjl^ 4l^^ t^^Lbij-i lp.^^ 4 -d Ldj^ju 

.Inner cell mass 
























"^1 jf_aiH (j-A ojjt tiJjju jLj 

4_^jlj^| ^ ^ ■ ■■ ■* ^LqJjlII >■"<ifc.-^ oij-L^ 

Jjb :(JIJ—<-uJI I JJb f^j£. t < j 'H t (jI 11 L >>j "i ^ J* J‘?^^^ 

L^iL^ jj T- ^ N * A 'v^j 4 uji'^ll ^ j ^ t '^^1 

4_4jL^ I j A• t 1 i"i• ^ lIjI tdJ"»> ^ ^ '‘j*T 

4_jJuJ_>JI 4_^_C.JL.^J1 4_jl.^t ^.*J ^ j ^ t '*‘^1 

1^4ui^ JljJlm SjJlULI L^jJ 4ji^1 i^jj^l j^A Lbljlk^t 

Ij^iL^JI ^ I <t'W ^1 „ LjJ^- 33 . ^1 4~M ^ I j^J U“ I II~1 4 t 

jJt ^A ^ ■!*1 LI L^i tilliil^ I * JL-4-ii_»«Jl (^yA 

^ 3j-^ljJi CjIjJl^I t*H~i \ ^ >■ \a^ lIjI n i<^ll dJLft ' d J 

S4u£.Jl^JL 

^ 4jX.JL:^i IjM-3nJ1 ij\ jI^'a ftLoJjJl (3i>^ 

i-iljjjj . J JL^ L-a_£j )4_ i , c g - x JI 4 jLVi l c-aj^^j_m ^^LoIL jI ^^yJb I 4 i 

5-3 ^ \ ^tt Lj5A.^>Ji (jt ^ ^^V Brook, F.A. 

‘lj^A.>iJL} JL>- 4 _lj^1 <LaJ^^ 

.j * Preimplantation ^>Ji j'jl^ 

i1^m i j.. 1 1 i ^ 1 ^t ^ ‘ ‘' “ ^ ^ ^ V * * ^ ^IjlII Smith, A..Cj. 

^ d ^^ ^|5v «-i> 4jL-ukj ^jLaj^L^j i^jlII Lx^ d it ... ill 

u' L>^3 L>-^-Li3j ;jl^ “^JL^ (1>^ loljJLaJl 

I Morula i^jJlIl L^L-i* lt^J t3^~ Lj^L-iJI 

^1 ^ 4_lc.j^^ Lj^L^ 1 ^j" j 1 V ol j 

^jub jJt j-j-lJLIII i 1^4 lWj 11 l iun J^lSLJI jn-ojl 


. Juu ^ 4_Li^ljJt 4^^13>JI 4i3£Jt ^1 J^_Sb3JI ^-=u 

<Li:>.iLIl t~i I 1 Ij^Lstj ^Liil (_^L>JI J j I t"!! tj! j-^t 

IJlJ^ L-t|t <i3-jJL1 dJ-A JULJ J A tj i4 jl JlH 4jjl^i 4JbSL!1 L^l^J 
4 i~^ 11 Ij^'l^ 1^1*1 J 4_^jjl ^ 1 Ill'll full ^1 Juij La i u t^^^UlJl 

Primitive ectoderm a^IjlJI ^\ cr^'j i^ljJI 

lj^t_> v ct 4^ Epiblast caaa^L-^^VI L^A-^ a m 

4_jajjVi I ^'Kj.ie-I ^jl j-Aj :ij_JiJ CjljJLaJl 54 4 


^Vl 


J> 





























J t"M a\ 1^1 L^j^ n~I m"* iu-Ll 


Jsij-LM Primitive endoderm ^Ijl-J1 4 7tlr>ia 

[jLJjujj ^~n 4j ?j j-v 1 ^ I >1) (Jfid JlIa LI^ ^JlA I 

Three ^ j ^i t~-ii ^ lI^I ^ < 3 -*^ 

Ectoderm 4_^jUkJI 4_S^jJI ^embryonic germ layers 
_ Lij^ _ L^j *Endoderm 4 jl^ljJI 4-5^jJlj Mesoderm 
Lx t"i. I Lxj-x^j L^L^I 


4 4£^_^L:uj 4j^ g', 4L>^_^ l>^ ' jj ‘J "" 4.^_L^1 jlJI 4 S_■ U 11 V| 

LiL^ cZdhji c*Li\-<a t_ aLxj i4_jl^1 jlII 4li£D1 Lj^*! _»J _j_« 

La t-£ljl (J_^t i(jry-<_uJI i ^j-t1i ^ U,5^ < ^ i tt 1 

CjjI^ (3^ cjjIj uilL^L^ u-iLcu liIL^L^ l>^ cz^jI cdj 

t^ljL:>>l 3^ f .‘^1^ 4^^ I all sLrt,^ 4 i'^Vl 0-3 

jl 4JLuaIl 4 JL>.j-x (3^ «"U~ 4l>.j-x Cj-ixiL^Vl L^L>_9 .(^yxLlll 

-V l1.j'>»- ^ ^.ii c^ L^vL^ Lu9b^ iOastruIa jlxaJLI 


<LL>.j_ia l>,$^ udJjlJ cr^ 

^. .A ■ t->^ .z. TI I ' i^IxJl ^ '*■- > LxjL.i3j ^ ^I 

Ijlj .(W ^ ^.*3 c. ^ tc.j. ■^li LMi ^IL L^ ^li ^ju^ uJiLu3jJ 

LyLi. 4^ ^Lu^l L^UJI o! J^^Jl C>^ 3 ‘ •" Lx LiU^t 

(JSL.jJ1j 51 luill tUrt 4 (jx^ *0^ 1*^11 A tu y (J^l^ L"^..\t i 

^1^! ^> 4- > (jJj _ Lj^^ _ J^ ^"J 1 5jj-iJl UjjlJ a^j ^L*JI 

(jr^J - 1^1 dn^ ’a C>^ L^i^. c alL-a-,~i L^l VI t Ju-uj^l 
I 3 .C, Jl^j «3xL^ frUo^j SjjLfl Luaj! L^-iSL! tS^jLqj-a (J-^ 


4al'wl jJI 4..3^jJI 4glnJ a Ij^L>> ^^^13 c>*^ ~ Lq^ _ (dlJ3 31 -d^ 

1 A, V 1 3^0 ™‘ * ‘dl jlj.>Jl 4_ftJ ^1 LJ^I 3^ td^x^ 4^liJL-dl 

ijx »1.V <*l l 1 A.^ -^1 . V Hi '*<11 (J-i^l-3 (_y-Aj O-u^L-J-^yi LjiL->. 

Luajlj i 4-j-:*»jIjJ 1 J LMd» |J^ L^L3dl 

4 . •■ .^ I ^jfjSi ^<X,JUJ ‘3^ 4_^^LIl) 1 jL-duVI CjI j 4 ‘i j I TI L^l j r 

4]£3^I aj.i (li 11 (Jx^ a"* t ri^Lj^yi jxLqJj ^LuixjI 4.jLa£, 

4dx^Lj vln.Sa (jx^ L^L^l 4 Jla 43^Ljfcj 3 L^ 3-^^-3 xjcLu 



















’^J'J'?****^"'*****v-^ii A.jt^ii 

L 4 ld^>Lc LuajI i4-Lo |^jJu3_^ j 4 n jJI I > >1^3^ I \ j ^«" 

3^ J • 1^ 4..dijua ,_p3jVI 1 < I ^^ 4 J W (j^^SLll IjLJb (J^ 

. 4 JJI lll^ l_j^1^jSL 11 (j\j 

Marshak, D.R. t>® j^* 

4-^JL>- Li^L^ L7^ cljLjl^^_>iJI JLt-Li!l 4.1>-t ^1 ■ ^ ■ ^1 

L^l ' aI . ^ ajVI tfjJL^I ^ J'y***" 

(jjj Jo_3e_jJl t4_jJu-l^l alxjJLl JLA a "i tl (_ylii 5jjL_iJl i*\ 1*143 

LJ 4J L^ IjJLJI Jj-aI! ^j * 'v 

jjLftiJI djjL^lj .A"tj >1. ,.^*V1 djjL^Lj ■ 1^■^~•*■ * cJljLd j i~^ll 

^ Liiij {.^jjA ‘ MU. > ^j-Oi. 

4j jjl'^l 4-tr J 1 ^jl (Jj^ oi M LJ^ ^ 

4x.lj^l La Li^i^ LaLo^ ^ ‘ V J ■"11 \ ^jli- ^J.>‘^t 

4^jL>.J L^LjkJI ^1 J'.>^ 1.4 M l I^ft3.^l dj I nli.yl 

1 jlmmskJI L^LL liIIIaj Lo-^M^-d 

^uaj 4jl ^ ... • J —i.w1j ~. -wl .!! t^LlIi.! 

L^L^I J«j—-^-Tl 4-j_c>i— ikJI <l^1^1 L^ 

oljJ _S c.*il"i 4} CT^^J cH" O-^ (^“i jl 4_Ji i,j■>)I 

<j£.JL>Ji 4ai^iJi >.mil'll i 

aiiiiaii 

L^iL-i. (jr^j Epiblast oxx^iL-i-^yi L5L_i^ Laj.i u~t a lj>^ u' - ^ 

. Blastocyst ^ 5j-iL^ i^ljJl iiiSLJl 

... n'tVL Self-renewing Lo^lj t . g 5jJL_ail LgjjJ - Y 

(_^J Undifferentiated 3 jL4uu j1j_c.L»j (jjLuUJl^ 

. LiE>Jl t>a ^l>il 

. 1 jul ^^*"j V CjLJiju^t J ‘"CajIj jjuc L^jd - Y 

L_^i Pluripotent cjIjjl-oJI 5^j_alj ijj$^ (jl - ^ 

4 J iiiij^l \ —mL .1 III 1—uiJj L^L^^jt 

















4 j\4 r frUjI 4 y I ii tl tiy ^LaJj^l 5 jJl5J1 L^ _ 0 

.jj-flLijJLI (j’'-!:^! LajjI (jlj *^_j-Lij-:^l 

^tj 5 j 4 j III r'^ii 4_%_uuVl aUi •" A La, \ y ,I U."^^i J\ 

.4jia^ jl cr^! O* Cf^ 5jJ^l L^jJ 

^j-a 5^ 4 t “i t *i a «LLa£.j djJ^l L^J Sjl^Ij 4 j m 'i ^ 4-^lx^ 4 u! - 

4_^L>J1 Clonogcnic L^ljj ' ^ ^ 4_^1 U"!! Ij^^L.^1 

t . i-tO 1 La^>.1 1^ a i^LJ^ ^ * 4 *4 - t jg ‘ ^ ^ jg ■ ■■ ■^ » 4j fu<L-4.AiVl 

Lt^iL^ 1_4L4J 4_^LlaJL1 L^ I (I j I 4-^{j^1 A .^Ijl I l_^ 4 _iJLj^ 4_jA.Ju:w 

.4_ilx^Vl 4 jAJl^JI JuiSLlI 

ju jAj iOct-4 jt-ijJjl JjoLc. j-j-_j_A_aJ1 5ji \ a II L^ _ A 

4__lL^ 1 f LSj ^ iJUju ■ L^^t ^ i4Ja.j|_A jJ 4 * ^ 1 l^ . “ A ^ 

.^Lqj ^1 HI 5 il 4 ^jl^1 

^_J^ CT^l j' ^1 I <1 S'l VI ^_yJ9 jl^ 4J KiiVl 5 jJlSJ1 I *,1 \ - ^ 

hwU tillj tM ‘ -tu. ijl 

4_L>.J_4 (jr^J S jl IJM L^jLo-A- jcJolJI-A (jl - ^ * 

■L"> ^ vil^j iilja,. -^-.JJ t4i jl^Il _Wi.^1 DNA LjJlJI 

4jJJlI jl 4* > l^ rt (^jjl G 1 I 4 t IJ i J I 4 ij 

4_J_:WjLj>. CjI^) _ L?^! (.y^ 0>^ 1 4 ^ > ^1 «Jl rt )Vt 

1_4L4j ^ '^~ wiUj tDNA Jl III 7i >1 t~i‘:y “ ju") initl^itc 

^1 ^‘''' j-“3 ^ j ‘ * VI LaLjj ^ * It rt o V ^^LaJI 4—) jL-t-uj^J I Lj^iL^JI 

.4.jj>.jUJI tijljLiiVl 

^•^1 .LiTI ^~aTj jjfcj t^'LjdL^ L^ X (j^SJ Vl i. I »\ ^ y \ 

\ - 4 A JlJ^ ) X LjQJ^fau^-4J^^ L 4 J i 

I ^ _4 L_£. i Irk wH (J>^ L 4 1 J 1 i 1— 4 J1 J L_>- OJ^ U ^ 

L^_i ^JI k-iJcj 4^^ La-*'l.1 I ^j-g. Aj^Ju V1 4_iJjJ.9J I ^ j *" ^ i 4,^^^^ I 

^jJLj L_flj-*J Lq I ^ jif (^J-UJJ V .JsLjiiJ 4JL>. X ^jLijVI 

. t^...A\ jjtt'Jl 4J^ Gene imprinting 

u (J^l j 1 La^^^J j 3 jl Milt L"tl A .^!l ^jlA >^* 11 -^ 4-1 ^ ^ i^LA (jl^] 

. ((4.jJu-i->- 4^A 4_l1^)) ^4j^1 ^ 1 t-k" . ^ t i tx* A 




■4J 


J> J- 
































I Ah^iiUI 


Totipotent 4Miii^l kj^bUf 

lilljj ^LUI^ ^ j r Jl^ j t ^ , \ 


‘ tl i>^ ^1 4 ji r 4i jl4 (^Lc.1—luj Jk xj ~n Ij^ 4JI 

^lUj-i 4.JLjudlj 3 jlC. ^Llju^VI ^ ‘ 4aJaj^-Jl lj_iJ ^ i4-tJaj^^l 

juJLifij 1 J.dL^ L^-Ld jJC .^.~ t ^ ^-joUl 


. iZji^i^ifcJl jjL^elL) V ^.jld L^JJL£. 

L^ L^Lsbi! L-kl II i ^JlA jt 4U3 

TJ (^jJLui-ll L^ 1 ^ L^L-^I 3jj Luajl 1 y 1 

L^'L^I Liilj 5jj lifa 4 i\^ ^JLAj i4^ '» mil 4 il>iil 

t jj Lilljj 1 JjaL^ «lla-c| L^jL 4J 4j^l£Lllj 4XalSL!l 3j,i 3ll L^ 

L4^ .3Ll>JI^ j -1 ■'^ 4_i_i_umi <_ a ^ * lL^ 

Jjob JI^^jljI ^J i4_l^L^ iSj~^ 3^ ^ 4-djl U~il I ^IjoU iIjJukj 


ljulb Jliji.^ LJLcj) . l^.iJaji-1 oljJLoJI 4jLaL^ 4jjjJL^i 4.^,V,;^i L^L^I 


AA^ ^1 4 I m tl I 4iAJ^^i 3 n 1 n n'v i i JL^ C^ 

, LnjU^ 4ji^ ^-tl U’A a ^ti 4jSJj ,j£. J„3i.ri4.tia LaJj.mj 

. ‘ (JxJkJI ^J-4J LM-^t ojjb iLo^a£'J 

tPluri potent oIjJLoII SSUJuJl:^ 2L^ . Y 

4_jjL_ 1>JI 4_^>.l .-^11 4.^1^! ^ jt-^ cJilliejj oljJL^I t“iji A"* 

I jlJa .oljJL^I ,^j3 ^JUb ^jx. 3 jljjij >"1 1 ii jl 

(J-A^ «.L^x| (jfi^ L^ CjljJLaJI 4XaL£^ 4 11 4^-CJL^I 

^ A '-^ CjIjJl^I jJ-aL^ ^ jX 4_jXJLj^) llILLa 

^f V Lj^Lj>- .CjIjJ— dJI 0j^\^ 4..jj.uJ.>JI J-:^! 

L^jIjq ^j)^~ij L^LiiJI ir>*J ijl iii" lg.1^ t t^LoL^ 

<—I ljub 1 Lm t i 'liAiil t ^ 11 

Ij^'L^Jl aJub ^jA 4 jt'*- I ij f :w JU^ V IjUl^ i^JjslS!^ VJ 

^LL IjLja (J.ajuj j^Luajj L^iL^I <li rj^ ^ ‘ I A, 

,^J I Li HI ^LoitJ LaLcj JjLSt-a ijr^3 • Ju>.lj CyAsA ^ jtnttl i m^l 

gjiJI 1 jL^ ^ jjj^ j--^~^ ^^3 ijr^3 j 6^j b^LiJI 

fj ‘ ■■'^ t a^JsljJl CjtjJL^t l-iSLA^ 4jlSLo L-kaj L^b^l ^ 
















V*air6>aiiJI 


^ ^*J *7^' ^LlJI ^^Lu (j-a (^L^jVl ^JlA ^IxLSLll t^ljJ^^I ^j-4 


^LL^I 3jjL^ ^-l^. 4,La 1 <■!*■ n L^V ^^JLjiJI {Jj-2 


JUd 


L^ J-4-*Jl |«li-uj 


4HkJI ^ ^IjiUl AMrf 


^J.t-^l-1 ^ I'li-^tl 4 -i-^jl^>JI Li^L^I ^jl^ (J^ Cy^ Ij s s^"t ^1 >tl jljl 

:<UjV1 v^jI^jIIj i cIjIj^ CjIj 

IAj^ j j jl'^c^ ct^ Cy^ 4_j^j_>iJ1 4 j1a.H ^ 

Jla_j 4jtjL^I ^ ^jjg ■ ' ^1“^. ^ Jjijj 3^ 


TT-U Laj.I^ c. I ^1 Jlju jl—^ 5^ j >»Vi tj.ji uaj ^ iiilij 

tjjbj (Chimeras jl j^ lt^ (Jj i^>*H 4 liuL^^ 

'I'T 4_lLlL>JI 4.^^Jl.>J| lj^i.>Jl 0 \ 1^ 4 Jc I ii*>VIj »1 Vl 


Jl^ ^ J ' J ' 7“^ ^ ^ * '7*'^ 4_uJ,^x][l (jl C.u.Iij La-4 4 Lt— 4 (^^^j..2ui-4.4uJL 1 4^*1^ lj^L.>>^ 

1^1 4 4 ;^,~t1j 4 aL ^.LI L^^LJnJI f^j^\ (^1 <“14 I ti nil 

i^ljjLflJl SjJslj L^t 


4.^iuJ->J I 4_^ Jl>J 1 4^1-^l I ^f Lu^ ^ 3h ^^ W:* f "^ lSJ"^ ^ ~ ^ 

Ij.4L^ Cy~>^ ^ Jill Ij^ ^li (j-A JUJLsJI 4 I j 4 A LiLL_4-} 

J^ >vi *“4‘>ii ^'*414 ~v ^ 4 jlji 4-^X.JL:^ 4 Ix^Li 

^JlA lLUj -V t) frl alill .4 _^jij|^J.1 Ij^L_^I I j «* 4_!LcLl4 


IjlA X6r3.t0m3.S ^ 4 -“^-* ^ f^33 J *J 4.-^JLj>JI 4^1^11 

\ Aj I 43 Ij^i^iJI 4 jI tlA^ 4i>jj^^^tll 0.>i-) 

Ct^J 4_j_^jJ 3^_:^I 4. jj^i'^TI lZjI. 4 lI^TI 

L)^L^ j^lj 4 ,,. 4~^^l 1 .T. A t .a jL^I^ . jljVIj 

Ij^L^J <■ ilSJI Cj^ iJn f Ij^L^j 4^ g ^11 jl ^ ^11 U> i~ 4^1 

^ ij^kLlaXr IjM^J i—d^Lu^ 

d.i^A7\ t".A 4ji^T-wtl 4_^JL>J) Li^L^^il CajuJoj . T 

^LLj-uj ‘L.Jy~ 4^1 c It Feeder L^yer ^jiull j^Ijj <^12il^ 

Ij>L>J1 4 U 4 JM-i-j .Leukemia Inhibitory Factor (LIF) ^jJl 
a 1 ■■■ 7 -*^! * L-Sj-XJ Lo ^ ^ d *.' ^4-^> JL^ ^ j‘*J ' 7 *^' 4 j r Jl-^J 1 































*6.^:1^ riiiaiJ 

... y Sl\ ^jufc ^ ‘‘■^* 1 jla *Embryoid bodies (EBs) 4_L^Vl ^ 


^1 L>^J t3Jjl 4~ill L^L>J1 (j-a JljJLaJI 

^Ijj yjj g“ill 4i>oi^ L^L^dl (_yij 3 JL 4 IJI 


'L> 




Cj\ S ^1 Li 11 fj-a ^ a cr^ ^ ^ j 1 .1 i^ 3j^LA.“.ll ^JlA 

^ Ljjj-3j f.\ Ur j 


. Oif'llllli^t3tftjj§ Jj* 

^j.3ejJ1 jl «.L^^| '^*'*■^1 4^£. JlJhJ! Ij^L^I 3>jJL^ ' j£,i 

Jj£. L^L^j iL^LiJl Jj^ J-ai^ LT'^ 

L^jJI^ 4j^L^t JL^Vl jjL^ . ^044 Ijub^ » llIIjl^j 

.((Number of times of passage in fresh culture dishes» Jj-oVI LMiJI 

(,"< Utf-V <LjjUjU^I 4 J f I I -^tl L^Lsdl (jl JM) J, vUl JoL^V JLd-d iljj 

J.i.lj CjIjJ.jJ1 5_^1j LMit^ L-flj m~n 4 jl cJlj La i^ 

i a1 ll-L si jJ _ ^JuS» . Liiaj! 

Cr^ iAJ ^_yj-j,iJr^,lI ^^a-dl 4jlAf tdjLlj ^jl 

l^~ * 1 "i l-4j] (Jj ‘L> 3 A |j^ ?*ll LT*^ L^-ba Lj^L.^1 (_^l 

3Luaj1 ^Ldl ^ISJI |a < u -x 4 L^L-^I JuJudt Jj) t» *11 

4j^l^i 4_L£L]1 CjljJL^t Ci 1 n oJJt ,J£j ^ 

.4jJ,j_L>J) 4.^Jl>J1 Lj^L^I (3^«J ^ •" * (j) V| Liila-> V ((j'^l:3ai] 4^1>>ljJl 

^11 j 11 ^1 i^jja *^j*j***-^' 4a£,J->JI a^Ju^dl p *" ‘ 

^1 ..." _ ^ p '>Ji,l (jJJjj - j^-aJ 4 j 4_^JLj^t Ij^L J^ i (jl Ct.ii 

jl j^LaJJ (jl ■ ■■'« V 4 I hA) Oit^l * LajI J (jji p ' 

SoUj Iu31 La t^irf^i^V’La L^L^ ^1 

iJIba t L^sbln^ c 33 ^ 4ju3L^ i"<V .3". ...a )^Li~i^ 4jjal?d1 4 j£,Jl>JI 4jI:^ 1 (jl - 1 

Leukemia ^^il'^l o-tis ojjb i GP130 .LIFR 

Ij STAT3 *uj u;pj^ dn U 4 »rt i^jjj L^-a inhibitory factor 


(jr 


a ji-^ti pi ^ iS 4jliju4 oLi_L^ ^^.dL>> iJ^Lc. tOct-4 i Cj^jI 

. ^ ^ ^ 3^LaIu (jl ^ln34 l^ju3i JljJl^j 4jij j'^li 4 jr ^l^ll 
































G I j_^laJI (jl i^Lpj _ cj 

t ^ jtAj 4 \ (jr^J t4 j i 4 j f■, i !i 4.^L^I ^L.>. Jg-ij V 4_jJ^Jt 

^(3*^^ ^ '* ^ (4..jJj^) LM. djl 4. jJ.4 ■£, j iji 

il ^1J 1 t -at ... i;‘il Jjui^ ^ ‘j A 1 ^ a! Aj "'JJ 4 

^ t1 j _,.^A j-%j Ll^j ^jg • ^ * LiUj ij|^ 4^U><iH ^Lui-djl 

^_^L-^lj S j^^JI j j ^ A 3^l_jtJI j^I^l L^l iiiU cIj^I 

4.jI^JI (3^^ ^ l"> j ... A L-tj 6j ^j| 1 LjjJI ^1 iiiTi )Ij 

^ I'-^TI ^1 L“Lt. i__i ^ • * ^1 Cj3^ O^ (1)*^^ ^l S^^iQ "tmt <t-<a 

^Ula ^ d. ^ ^ V ~ n Lj^iL^JI CT^I 3 * ^ ^ ^ IjLp ^ j 4.j^JL:^1 

:^^VI l!l>ji jfcj 10 

Cycline D . j ujiSl^ j\jJ^\ ^_yA SjL; - 

3^3 14.^1 ^I ... A tl (j^ 01 jjidiJ 4-jjua^l 7^TI 3j^ " 

i^yLoJU CjjIjI Ijl . LylV-U * 4 . 3 ^^ c3^ 4.^JL'^i 4.d^ ^"^3^3 

(jt jUjl^ 4Jc-aL^j 3>^ l) 1 ^! ♦ L^i-o 1 I j tj Jjl _ iJ’_5-^I 4_^Jlzw 

3:iL4lJI ^ 0^3 * 33 ^ 3^^ Lp^ 4^i^i ^1 iMiiitl 4, jl^g. 

4^1^ijj I...A 11 3JJoLu . 

j 3 ■^‘- 4ij i^i"**J1 4^^ Jlj*JI ^ t-^tl ^Lui^l ^1 ^_3! *-7^^ 

J^'^4.ij *4 i^pK^iA ** gL _ 1^ cLdiJ^.Lu - 

^tjjl ^_3! cLaL^-c IjLp .gj ^l^ll aI ■ ..A >1 ^Lm} 3^^>^ 


0^ 


L>UJI 4.i^jb^ic 


Il**i ^ •*? ...ti 





^jjjdJl ERK iSHP-2 Cy* 0 ^ 3 ^ .i^_. ai* 




^LiILjj (^4 jl-^11 aI ^.. All J 4.ju3LSJt oLl.aJJ 3 ^ ^) STAT3 3^^-^ o^ ^^3i 

3 ^ 4^]^J1 i^Liui^l 4jl<^f 

3^La3j f^ji L^j3j fjl JljV 43 ^ 1.433 V t4_3 ^jrj 
^^ju-i ^"iT 1*1 1 iia li 4jL>. f^jS <J‘m ji 4,^1 L^L^I 03 $^ 
cJV o3^J^^ Cy^ 4JL>> lLILLA 03^ 0^ JuV *3^1 a"iT 1 L a ^J.C^ i ^ m ni 1 
^j-i ill 33 ^j^^ ljub 3^ iS^3 .*“" I u3'iVi tlnj i^in 3^^3-^ 





























I Lx.1^1 (.iUiJlj ^ 1• a A ^ "tl dL_>«jl ^ j 'j <-^tl 

^ 4_L^a_L^aitjJL 1 Li^L^I 


^ U t "i I 






Feeder Layer Cells ^ j t"ll jl^Ijj 4-1^ 5.^ 

• A <•*. I <"1 ... a J ^ r< ^ j * J i 11 4_J^jL^dl b^b^dl ^ i t-. I i**. . .. t^l 

5 :; .U b^^bJ^ (ji i -^1^ ^U.nVlj “1" V 'w Suspension 

Leukemia inhibitory factor,^4.I .Uj i“i~tl J-«Lc. 

,“. .r....tl Mt'^l 4-^,.11'^li b^L^I >^1-4-1 4 \ djLLI ^JlAj 

;J^ b^b^l jjLu 


ytj iTranscriptional factor Oct-4 icSy\ ijy±)^ 

i Pou5fl ^ 4« Mj ui;y>* ^ jj t" 11 

^yji ^bn^VI b^b^l cr^ f^Ajtj Lo^ >^J 14,.i.i^.,-^ 1 

L^ j_4J 4 ^Lii! |0-^ j) ^ 4 i^Lo-jj (jl jijJ 

ijjL^o_lj ^ (2>^ J, *i^j (j* j ~>- 4jbljLj (_jjil 

I jub buajf Lq^ , ^j) 1 ■ 11 4Jl3^ M} La g'llLjl 

A j T1 b^L-idl lLLIjl^j t4-JjVl 4 j <ji i'^II b^L-iJl 

* ,t r- 5t l ■w Lj^b^dl (jT^ L^i^Lstj 4jV (.dJjj t4 ir j^LlJi 

iaj^\j CjI j b^Lidl i di^^l A ... A\ 

A jl ^.tl 4 4 jl'LJl g 1^ "i iu A b)l ^ JLAj 

A i^l ^Ljlj ^ t;^^j ljL& ^Jt :»j La-a ♦ 4 jij }*^li 4 j r.-I I 

5 ^ tx f 11 oLl^^^—dl .V k iu : 4 jlf ^jUol ill jjl 4_-:^jj (_yjl 'vl—jJI 

~ ^ oljjL^I aj3\^ 4j mI 4.^ J^l b^UfeU 

4jV ^ ■" > Oct-4 Jl IJlJ^ (jy^l 4j ^aVI J^4Jb 

(_^Lil!l 4 jig c. jjJ CjI ij -k 4_^La-J J-4-£^ f\ 1^b 

^J^‘ ‘~JJ Cji_Lj_>> i > ^Li cfUju 3-^3 ^ iji'wtl 

‘Uj ^ j_>Jt I i L 11 I A .Lji A il-^t I 1 lA I ^ I ^ t t 1 ^ I L 4_^ L-Ju^^ A X ^ 






































^ v^l I I 


^ it q • ' d tJ1 j 1^ Ijj -*.t j jJ_4_^ t > 1 JLA * t 4_j I ^J-^* ■ ^ I t ^ * * * lLU jj 

, jJpiJ I yj LajJ I 


• i 


bU* 4^ J^aJf 9jii 
,>4yj|ftiniil§toijj§ 

jjjjjijjLo _ Q^iu'i^iuj^ ^iLdl'w dLAJj^^ i M ^j M ft Iju 

(_yic. jj_ua^>iji y ^A y jaLc. l > i a ^jjjj.j^.'i/i 4**^^ 

' ^ LoLc. T * i^jja Lft i^JLft ijLaJl jj-ft <j ij 4a£.ju^ 4 

4_ua.jjj 4 J ‘y,'^■tl ^JlaJI Lj^'L>- 4 j ^ ™J iJj—ilI j ~'^ (3>^ LT^i 03" "‘■^^ 

4 . .^4- A 

;j^j L^j I ft r f ^J Lij i ^ V ,3 O3 ‘ “ (J 1^ >» i-ii-J jJ 


5j„ll 5,11 2 u^_a^3l.^ I (J$L-fca,.,4 (J_4 Cy^ “ (_y4^Lilaui-!»'i?l 

j^Jo TA ^ i tl^ la *4 .cjLrjoVl 

(J^_fcAj>Jl (jj) i,i;>-L^I ^j*v„4 T ^-43 j 5 A-jiJjVI (j-«^ 

Es cell lines 4 4 ^-c.u cijV^^.j_u 4 i» 

cjV^L i-u o^ij L^ 14 «H14, H13, H9, H7, HI® L^^j 

t-iVV ... (jl ^jJLj "w ,oV^'L-i-u (jL-jjjlj 4jj ". 11 

^ ^ **■_iJLl oldV^I 4 ... at -^tl^ ^ jj■■ ft ^^' 

4 * J ^ n 41 "X ! 1 _>>L_iJt j_4-^^jV) (j-4 *^0.5_. ■■ ■.. \j 

Ij^fLiJI Lt"^ 3 ^'*^4 -ilj-4 4 -u»L>. ^ 3 -^JJj *^-jJ->.|jJl 

Oj l£ i 4 J '. -^T1 \j 1 a JlA 4_c. i j3 Cy^ ^ ® ^ ^ * 4 J i J i T1 

CjJl —^1 . <Jj 31 jl ol_• ft t~i ft t II rt >1 J-B 

4 J ’* 1 ^ J ^ jl 4^ 1 i ft ol t ft':>’'<!l 4 U J ■*■ 11 

^ I 4 du" jjj «■ 1 jl^ ^ ft ^ j 3—^Ai 1 4 * .^. I ^ I i * ^.. Li ^ t 

33--C. JL_j.^ 1 . _^1 dJL^ J ft it Cl>Ljj)^-ll ^juaj 1 ^1 3^_ 

|C-> ^ c 1 jI^^_jQ djL^ 4 Sii_uJt 4_dJj.^JI ^ I jjj 

^JL^ (J-!^ ^ ^La^Jl2^ 4 j, i j i 3-^ 4 J d > oV^l^ L 7 ~^ 
























fi t^<^l ■*■ a 1-4^ t^^L^Tu ^1 ^ <ufli" Ij^'L^I 

^ i lC J^Liiu li-LA cJj-S^iuj ij-jJij ij3-^ 0^ il^li 1 ^ 1 

. 4^6 {S ^ '“‘ ‘ *“ ‘ “ ^ t ^lj^^£L<a 
^^1 j_A (4 _lLuj>»- 1 1 4 iJjL^ 1 jla- 5^^.j_q_LI f^Lj_.“.Vl ^_yA^ 

jjIHj ^jkj iTelomerase r.tl q\ U^ *L^ Telomerase jl 
dijljj (J^'~‘> - *-11 f (-fllj-Ls) lZjLjL^ j_yja DNA Jl 

4 « U ill 5 1. 1 .11 Lj^L_^I >^JL-JtJ 1 g ^ 1 1 j I I ti \ ^ j il il I (3^L^ ^ J ^ j 

i j ....'' ^ijJI jjj-j-U 4 J r jLj^l blvLkil 4 jL^ ‘Somatic cells 

L^biJl bLij ebLiiu 4J (j-ufJ 1 A ij > t L^J jlj-^_^_b^l ^jjV 

4 < Tj ■ . 11 4_^L_i-uJl 4tj_ . 4 t ‘~‘ ‘ J ~ .4_ftJl_Jl 4*1 . » 

. p ■ .. p ■ ■■ ^»~ ^1 ^ _1J 4 jlb 1 ^ iLl 4 Jj 1:3 [_^JJI t4 ji'^Jl 

^ ^Ij I JlA JjJj . b-ae^Ju pb-aJj^l c_adjJlJIj ^l^jJl uJj-^ t^4 

^bo- j^ jb^J l 4 J 0 , A IJ I urb. 4^^-AJ pJ) < 11 

^ pLc. ^J£Lilij 4 j1>JI 


• • 


J S>rfU 4 f J# ^ MjaJI 49M 

V 5 O'^ 4 .j-C.JL:^l 4 -j 1^1 (jx. tiije-Jl 

- d 4 ^ .^1 3^bd.>JI b^^^jI ipbx-iJl bjJuLj LiL4uiXJ IxJb ^dM •»-, 4JJI ^1 JL^ 

■■■" 1 ^ (Jj'-j 1 ^ atbiti 3>-^ 4_il_>Jl d j_^ 4 III J t IV fl ft 

c^jLH C^ Surface antigens cjIj iReceptors *“>V >s~...^ 
; 4 _djbuJl b^^ ^ ~ u 

3j_^ jbdJlJl jl ^ -w '^J~^ bo^ ^ 5 ' ^ 4 4 _j 1SJI ^ b . V. 33-^ Lmj—tJx 

oLju^-^ 31 ‘ ^~ ' -1 . Jbj-iTLt^Vl 5 Jlj>.|j Lix^-dJ 4 a jbjJlj iJjJJLl jcJb-ix 

31 t 1 . 1 Cj ,d .l-^tl 4 1 ^ a ^ cJbLb^ pi J all i ^ a -a ^b>«jVl^ i4_u3L^ 

p^jJbt^ '-'^J jLd 5 IJ4J3 . b^biJl 3x 3'^J I— 

i A j A. 1-^" ^ 1 ^ .dj.v^j 3 jq 4^l£. 4_:^jj ct^ CixljLo «~*V . a-j. ..t i ^jjb 

jJUcJl 3 -l^ 3>a3.4_^jLj^l b>biJl ^_yl£. L^ pIjl^aMJ Markers cjU-l^I^ 
t~iV .S" a 1 ^ ^b...l 33-^ 0 ^ bfe^ . 4 J r b^b^l 3 ^ 

(_yxbJj| J 3 -bJ 53 J c 4 J 3:1 ti ^ r.ijjj * j g 4-j-C. J ^! 1 b^^ Vll dj jd 4 


























4 V -1 i jjlj^^ (3^3 ^ '*A ■ ^Ji . 1 juj->«j 4,j J-4-) 

i-JilaitJj (^LuuVl «*llj ^j£. L^Lui^B^l fjy^ • <L^JL>J1 

ijLiU <L^ "^3^ SSEA-1 tji 'tTi tVI ^ 

(jl I II tV 1 SSEA-3 i.iiJjL_^j .5jij_5J1 ^1 ...tVI V 4 _iSL! 

^1 t‘'i*wLjJI jJ^ cilijJ . ^^^3^ ^^3 

Specific antibodies 4 .^L-^ LaL_i_u^i . 

1 (4 jl^dl 4_J 4 JJ^IaII (^^^3 ji ^ t—^^^-J lTiJ LiUj-l^ 't“il ij ~ )V1 

(3jJo 5j_C. Ji-J^JJJ . jl IjI I.nl ijV^ ^^3-^ Ljfej, li A (_yl^ (—3j_dLjJ 

: \^ 1 jjjj»oj 4^1 41 ' Aj«“tT 


Fluorescent Tags i ji tZ*UiAXi (^) 

i ,IA\ ^waLS-J 4 ^,4 jl^-4 4-^-V-^i 4-J->Jl ^ 3 l 5-^ ^c-uil^ l)^ 

cjI^L- i!uVl ^1 111^1 ol—Lj^>-:^ 1 ^ j <1 t uj 1 Libl_^ 1 

li\^\\ L^j 4.L1JU4 (^Uaj ^LuV 43^1^ iSignaling molecules 

. * ' ..-^tl iZt IhiJ J 4it~> tS lU 

3^ 0^ ^ '"^L* ^ 3~^^33 «4_a.j^L..^I oJJb 4..ji .£. Jl:^ 1 4_^I..>Jl L-jJI 

'4 a2^a\j ji 4^ 4^1^41^ oljLi!uV1 A''■ 3 ' 

^oli-) 4^t 4 3 Ci->0 L-^jIjI JLL^ 

^3-=^3 (j-A4^ (jLa O^i i-dLi-u-aVl 

^^1 (J*^ LjoLxJ 4a£.jL:^l -^3^3 ^'^3-^3 . frj Ji^A 11 

S ^ (j-1^. ^t,Lllj ^JinU 

Fluorescence(^) 

;- activated cell sorting (FACS) 

3j-L.ji—iJLI - ^~iV t ■ --t 1 j1 ...IjLjoi 4_4 j^^JoJI ^jk-& j_A" *“ 

^ (JjLidu 4 i^ialj oEq^Lc. . 4j 4^d^l ^Un<i 

O J * . iXjJL_ou ‘ 1^ * CTi > 4 A^ M .,^ I i Ll^C^d! OhiLA 

juJu^ S_4 3 iJl^ 1^ 4^tl-^ ^ dJuk ^1 ^ i^lJdJ 

^ ^ ^ “t' 4-^ua^ljJ1 BjlAl J J “J ^LjL.iiiJ 4 jl-^JI ^JlA (J^j_JlJjJ 

WIiiT. ,4 .>4 aIjH 3jlAt L^ 4 ^14.1! ^1 4-i£. ^u-L) Lc^ iCjL^—i^l^Li 























AuuuuaJ I I ^ I I I I 

. 4 I ^4j5tJo (J-tt-ao 4JLtu 4icr A J.4-30 L^jj JLi 

t^jjLgJLa j-j ^ d 4_^L^ 4_JLi-iJi 4 jj-^ll ^1 lJ9j[^.ji_4 oL Jl^j 

JL_3e_ a Li!_>J1 aJJb ^ • Li!_>»J! (J-* ^J-> L^^ 4 1 'wjJLij 

cljLljfe—Ju ' ~ . t ."W-J A U^Luj ' ■ 4j ^ilr^JLj 

. d . ^j 1^ I ^j^i/1 LiL^I i^j£. Ijl-jjlj ^ ATt ■ Aj ... A d iti 4.JJC JlaJI Ltil^JI 

flCilt) - 1 . i-t • t - - 

• t ij <LjI 

i(PCR) Polymerase Chain Reaction J^4J^^iSj.4JL^iJ&U3(r) 

■ ■■ * lIjLL^ JLIJL->U^ cJuj—AJ d jiSltl djLjk ^JL^cJLujJ^ 

4_^ ^ -^11 4^i^L >1^54 4 .u:3L^ . CjLLi^I (J.4X. LajjJlj 

4_L.uijj 4 A ji <« 4_LaLc oLj C>^ uJuii^L kiUj 

(j£.Ldu 4j',t . jjLftiJIj .-x 4.~tl 4^Ju^l 4al^Jt 3jL^ 

3^1, j 4 '* Genetic Markers 4_^ijj ciiLa-^lj u^Ll3-^l ^ I Sj-alJl 

^■Mi 1 ^ 0!^^ iJLXl jjj 111» a-iI > i.l LaLoj 

C7^ ~ ^I<<|||J.|!' JjoI—C ^X *^, 3 ! . fj.4—AJ iAj 
ljub (_^i£. (J-4AJ ^ jt-uuiJI JjftLC-J 

(POX- 1 ‘*■* 4 J 3j. j^<j d^jusL^ 4. .ft i I) 1 j JL)»L.90 g.1 aIaJ! 

dJUb CjJli^j ^j-uSLaJIj Crl^ J"4 

JL>^ 4.^1^ ^1 V-^3~ ... a \ Q (.7^ (.iUj Jj (4 j r Jjzk 4 

dl-^l i~ d.Lii."j^ 4 jl A Ci .(^;\Jj-uiji/l 3^) -33 LbjjJu 4_j_u1 

(j^Su 1 ^lA ^1 mi 4 ij L^LcJ 

d IxC La _ 4_3£^.laJI ;_j-‘3i i^ 3jJLJt^ d3 jUj 4^1_^1 4ijbA^JLI 

.»iia I jjj t^A^Le^ >-*-3 •" 4-lSiJ ' 1 j 3«" Jlo^I 3jlAjlL1^ 3jLi.»J1 J-ui.»JI 

. 4 1 LaLaJ 


5 Reporter Gene ( i ) 

Ijl (jL) (.ill jj (A^lj^l 4 ... 1 tl ot ji33 ^^^^ C(.AJL.^“i I itl (j^3 

‘L3 4 |J.a-jlj 3^3 (Reporter gene j • t< >^j.ju La 

4_lL»J| .A,^.^^'‘iA j—j^ '3j.jl ^ * a j- j 4 -^X.Jl. 7>JI 4_^i3J1 



















I L) I ^ ^ ^ ij" ^XJ“~^ ^ 

i_flj_i^ fjy^j-^\ ljuk *Green fluorescent protein (GFP) j 

~n ljub 4 ^ a Laj a c^ »j 4_iJdj-ftJ JU£ j i^ ^^1 

■ ..S r> V 4lulj 1 . a 11 L^^Uj 4^£.JL:^1 4^1-^ 

1^1^ t4 j i^ ^ ^“ a L^-L-i. ^1 ^La-JJ Luajlj 

^jl Jij-ae.aj ^ uS^ cAi^j 

^ L^LiJl ^j-a La ^jj (_yJj 4jiiJI ^Lalj 


J JL>-^ ( ^) 

4_aj^Ji3 j^LcI 5j_j^jJLI L^J ^aUj 4-5j^ia 

I *4.^ JL^I 4jl-^tl jj-^ ij-A . 4d.<4-a*t 03jJl . Ij tSLa.'ij (SjL>.lj 

. 4juaj.riaicila 4^I>- «LtjLuka ^iTu ^ i L^jC.^ JkJjL>iJj 

jj^la 4 _j_jud^^ Cr^ J^-j-<a.j>Jt )J1^ ^JjJL_rt-^ 4-aJ (j! Jl^ 

4a,Laj j1 3ljl Jl>'^ V 4j| j| .4^LuiJ1 (^LCLdoJl (^1 a.1, i4i>‘‘i . „l 

«a * 

diljJk-aJl 3j^1j ^ j ^ V «»-tt A j 1-^tl L ^~ I ijl t > t ^ 

tOLo-i^l^l 4_c.^.>aJe-a JuV JL>>1^ ^Oju/Ij 

j_yJl LuajI 4 ::^Lj>J 1 i4j^jL:^l L^LSJl ‘^,>-*^ L7^ 

&.l£l.\ t <V ^tl ^j_a t«.iUj ^ULa .i^Uj LiJ ^a3j oljJia.>«Jl 

^1 L^ ^.Lr_ a^il ^l ~i (^LLulJI ^JlU 4_ljiuJ,l 

(-) 4_a>Lc.j .(kit + Sca-1 + CD34- / low,c-) cjLa-<-ulj ^!vLi Oy^ 

• (^)j ^a-i-ijl^l 4ji 
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d t t... ■fc.tl jl 4 jlILJ! 4_^Jl.>J1 4-iL^I 
I V 11 4_j_£.jl_^1 

^ Lj^'I _cr^J _J ' J ^^ ^ _ i _ 



jj] Undifferentiated SJjLoJLa 

j_^l£LIl 4 "y I (i'll 

^1 V! jjL^ V L^t L^ .L^i JULV! 
uij 4j^ ... tt! Lj^U^ 

.t.lUjJ g-t-i^lj-ni I j A 

4_x-CJu-^l Lj^LiJl IjlA t(jjj 


4J 


gj J I 




^ ‘ a \ 


^ L^L) Ll^ 0^3 tlJLlL) 

(^yi£. frLi-j Cxj3_i-oj ;^\ (4_iJIj 4_j_C.JL_::w 

L^l JL^ (J-ii! jl ^_^_LojJi 

4JSLJ ^ 11 ■>* < I L^L£La «-Jlxo^ J ‘ “ JLJLJ Uo 
t, ^ 1“ 4. a L^£.1 j-i 1 (J\J ^ _1 j A~l\t 

<LiJl_dl 0.5^ . V 4 I jJ . , ^ m ~>dLj ^^LoVl 
jjLj^Jll AJVj tlnn 4 Cl jl LL^ 

1 i 1 A “ t i 11 t ^ d J ^ '*' 4j^ 

.The Adult or Somatic Stem Ceils (♦) 


-Ajfc I i^oSLjB 


L^i j_y^ 4_iJL_JI 
^Lai 1^ OjjLl 

,jji Jl.>-I i d'i aj ^ frl irtf.ij 
jjj 1 ^ j q ^ “ i. B ~J jl 

hLa Lojj 5ft \1 ..AM 



S?- 




















‘k. 


1 ji \t -s^ , d < i. >11 ^Jlj^II 4_i].>«J1 

4jiJ LJI 4 [ft 1 4,j^ Jll>J i 4.jJJ>iJ I ^ I ^4^31 (j 1 l^ ~ ^ t Lj Ij . LiJj-^ ^ ^ I 

f^ljj t L^ L^L£Lq j\ Lj^-4X. 1 L>^ 

^ ^ \ a i ^ t 1 /ri^LiJI 


L " t 1 A . 1J A 4J TC^Lj 


LaI^ cdl Lo jn cj 

3j >^kr,\\ t i4_tJtj 4.^JL^ 4 _i 1^ dJJb 3)1 cJj^ 

CjIi t 'y “nil 4 tiJLlA 3)1 tlf'^ ciJJj (Ja 3 j_yJl 3)J j U flr>lj * 4 ij'v . 

t L^ljJi ;*•<'> ill ^"T y 4Jl1LJI 4j^JL>JI 4 (J^ 

(^jJI g ^n M) 11 L^l^Lo 4 jl!LJI t -wtl ajj-L Jl 3l!La3 


4.^1»^Jl '“■ j -<1 ' '■ jL^j .4_tJLJI 4_4J^L} L4 j1j 53 ^ S :a iJJaH-u ' |3 ^ t4 j 4 

dJJjjSomatic stem cell 2 j ^t l 2 \ y\ \ 2 SJJLJl 

i4 J III j'^ll 4_3E_u*jVl (jyja Jl-^JJ f>Urt‘4 ^ 1 ) III y\\ ^sb-jjuVI (J^ 

3^J 3)^LJI -Uii *4 (j-u^ CjJU:^j Lo-^ L^‘~^ 

Luaji Li^jJLc Lo^ .2j„i ...^tl ^JLAIoVI 1 LmajI 

o*^ Jji 3)^j spore like cell ^ *i,i d_j/■ '1 2 Luaj! c, i .^4i..4i i >j 

M. P, iVacanti ^jt ^1^1 3"^ (_y^ Lj^>-4i»l «L<g ^ 

® 3>^ 1 6 4 ?■“*" 5^ j t Lj^Li. cr^ J jn-w 3^"'^ 1 * * ^ j»L*Jl i. '^ ii i l l 

Ajv 3)^ Parenchyma ...LiLij 3)^ 3>^ l>^ 

4-jL>JI ^fl rt ■nTI j>V 1^11 3)^^ ^ ijL^I 3)1 

jl ^4^kf (^1 3)^ _ (_^LZlJl ~IJii4 

LyLiJl 3 j_£: 4 rtl"! V") t-iUjj (_jjb^ Soj_ 4 ^ L^' ^ l/" 3^ <iii iHt iiU j L^l 

4-joIj 4-a^ t a frLu ^^xuVl CjJl^I ijJL-j^il 4-3j^^-a-« J'J 

jl 4^^jJj 4 il-^l. itl ^ l"Xtl i Aj. l 3 j| l ^ LxSLd t l t^4 1 

4—J ><11 4—JjJi ^j£. 3jjlj 4_iJL^l 4 _ix.jl_>J1 4__lL?JI^ Cjy i'yil 

4jl'w. Jl:^^ Jl^l *« • 1^^^"* 3)^J'^1-^ 3)1^^! CjjI^ 3)!j t4-Ufi^l 


(JiJl ^ 0 _ L_aVT ^ 5 jljw1j Hematopoitic Stem cell UlAIj* SJLJIj 

^ ‘ ^ j^IlaJI^ i4^l^j 4 ■ t 4*1 4 )jl ^ ^LIoaJI Ij^L^ 3>^ 4^1^ 

. L^joj JJj L^Uii JjJ j! L^Uj (_yi£. JJj L^jJu JaJ^ I 




























LUiJI 


3jj 1-^ t 4 jl!LlJ) 4.^ JLjiJl 4_^1^JI ^ ■ 't ■*** 

. Lo LdjJ 4 _Bj1 a ^ ^ j ^ jJLftJu ^1 "i ^LJl JL>-t , \ 3"i ^j ^ ^ 1 Tj 

^ ‘ 4 ji>lll Lj-t^ ^~i •>■ rtj ^ *.* 0^ 

^Jl3JI 4_3j3-*JIj Sj,^ S_tIj 4 A >>-3jJH ^^LaVl lIHj _ ^^LLajLlI 

)^llLa ^Ja^LuajJI jt 

^1 t4jiJLiJl 4.^^J_>tJI 4 .jI3cU 4_l4j.3.>JI 4_yLJ^Vl ^ *-Ll. Cj^3 

o^j 1^1 ^ j ^^ * juJljm 3jJl 3JI t j3T V.* 

1 4 I—4J L ^ T 4—^ ti 1 a A Lj^I——^ ^ ‘ ^ d * ^ I JU-i-u- -^1 ij\^ 

cIjVL^JI L^i t '1 ^ j n ^ ."iij *. Clonogcnic 

3 j '^ij 2 4 ^ ^ ^ 4 A^ f^i 1 ^^I 3j 1 ^ 1 i 1 ^ t l! _■ -<11 4 j * j . t<JI 

4_4-£e^j 4 K.". «.L3jVij 1 ' 1 -^"11 ...ill 1 ^jij ^1 ~ '*■ > Unipotcnt ■ 1 ^ 

4 uu 3 L>. Nlultipotcnt cjljjL3it A \ 1 •T. A 4 jl-s^ L^t ^ 

.Plasticity iijjiJI 4 ^U. J^Li. ^ aUij oVLsJI 

^1^4Mill L 4 L 4 J 4JijLLawa \juxju:xsieJILa lj^L> ^1 lr\u-*.ifci 

^1^1 t>* L 7 ^\ J>5^ O^ ^ -t Ur < A 4 U L^jI j^'\ j .i r ,. 4 ,,> jt .4j-fl 3 j^j -4 

_ 4^-^jL^ll 4^4„2^^I j) t-^l3 iIaII L>M^ 

<L^_iuJL^>J 1 4 j| 4 _j.uJu9>iJI 4 S^jJI 

Ciji-$ OP^ *gj * ^.jua-tJI Ij^'L^ 4 j1>. i^I 1 ^ jlj j_j4*n ^^3J! ^4 ji-^l jJI 

dH° ' J'***■ 1 ^ Lt^ j H Lj^'L^ 

^IJ9 (^1 - ^ - ^^A-lII _ ^jJt - jikUajLll 

2 ^ A 4 A^ ^1 ^t ■»ITt ^1 <«r> 4_ftjLJI 4 j c ■^H 4 ji^l 

4-ftJL4JI 4-^ JljkJI 4 ^ ^... t 4 4 _£^j OLufai 

I—a^Ljua^ ^1 0~^1 '"" * j^LIoJiJI ^ j ■ -'I 

U"t4 mJ V - ^L^jlII 4a£.JLj^Ti JLua^Ij _ L^l 

jl ^jJjjJuVl 4ijj|j OLJuJ 4_tii. (^5 ^_yjj J^_5tjj^ JjJL>Jl ^JuLiJj ^ 331 (jl 
.. .(j-lAil 4 << 1 .11 yi^-^il l 3^ tVI ^-4^J 

4jJJulj Li^ 4JiJL_Jt 4 j ^ i '^ll 4 ^I'^tl CjIjJL^ ^JJutJ f jA 
t"4U4 ^^ij9 CjLoj^JI ^t iOJ? l^La I g»ii31 4_U4L^I 4_^j|^l 

4 j»j i'^ll 4 jg., 1 'wtl 4 _j 14.UC tPluripotcnt oIjjl^I 3j^1^ 4 ^ 1 ’^ Ci_il£Ll llUj 


‘ j> J- 
































'Kjkr\'»l I I 


Filip S ^ ^4_iJu_i.>J1 .">1 ^ w ^< 

j IjL-Juj 4_ » _al _uj_j_I n 4 > ^ Mokry J _aj 

4_aLlJl 3 jJl^I ^ 4jlJLJI 4-j^jL3%jl 4-^1^^! jjl VL^ .^~!l 

3j_dlj lLUjlj ^ f I 4 __j_2_lLsJI ‘ ^ 

4 _ylii 4-_iliJ^l 4_^ 4 ji-^Ji ^j-yJaLu jujii^. Pluripotent ^■«ij v st i 

4^JL^I L>UJI 


i4JJLJI 4.^j^l 4^ ^11 Llj 

djLjj^l Aj)i 4j| JL^ . 4_alaje-a 3 .^4. *•. a 

5ju Jl->. j-iL-a-^JI 3jJb^ t-dJTia-i 4.jkJI Jl 4 .-i_£.jl^JI Lt^’L^JI ^1 

^1 ^ ^ jjC LL! j^JU La 4^-ix- > *i l t (^1 «ij^3 JL j -il^ k J lL:^3.£> 

cl « .4.J 4 I ■■N)i 4 ^ J ilL ^ 3 UL>L^jt 4.JtJL^I 4 _j_£;Jl^^I 4.ji>Jl 

, \ I J1 Ij^L^ LiJ^^ LA^A.,ii5t 4-_i.l.-L. t L^Lua-^l 

sln34 ^ ^*~ j i ^i'*4J *4^ a t ti ll£^ ' *‘J'^ lt^ ' ^ 6 ***^ 

.4^^ ^jnr ,^^45 4-La llsj Lai i^LLl (jr^i 

^i~i ->111 4_LILJI 4 ^Jl9JI 4_j\^JI ^JjlI aLolaJI pi■ ■■* ■ ..j.■■ ^JjA 

• 4_l^^1 I L)^L.^I i^jja 3JuJL^ L^l 

t4-iJLJl 4 j£.J.j^1 4j1>J1 LaIjj ^J^JL>JL1 aJJt ^jl pltj (jl Ju V 
ratharinp. ^ ^ 4 ^^M<4 . \\j r.. :; t irA a J<14.1 M ^ p U^" 

L^jl cxJlis jj ^ *ij A 4jLal_:^ 4 !l>.L^ 1 VcrfsilHc 


s ^ t ^ 4 _«JIj 4 J I n } ^ ^ ^ i4_ m U j a j 't Ij^ ^ 


4 >a Multipotent adult progenitor cells or MPACs olj. 

A lu 4 *» Iu)l ^j n t->f" i L^L^Jl ^jub (jlj t^Lj ^ ^ 

jj_:wVl 4 U~^3 K"4-vjS> 4La j^jJI ^ j j n JI Lj^Li^ d^34 


ajJL-ji_"« a I_^_"( j j-w ^j.j^l_^ 3j^_j_ ^jlJI _Lxo ^1 ^1_^dl ^Jub 

LbLMi. tjV Jjuaj pJ L^LlJj Pluripotent adult progenitor cells cuIjjlaJI 


L^-ruLlj ^^1 cdju^^ . i 34 Laj) a r^ 




































LUiji 


L^-^j-oi^-j tjLAj ^jL*-ujJ ^j-a iJJLA ^_^JL>.1 OJ ^1 

^j-G_il>Jt ^ ~ ^ ■ ■■ ** 's uliJL>>^ jL^t JL.tj^ 

4jiJl_iJ| 4.j_(_u_i.>JI ^^ 3 -* ^ (J/GjtJLiJl uT'^'J 

\ ^ o' ^">'** "^J Od3^^ O' l5' • ^^ 3 -*' a (jjJJ L2jojL-aj JL^ 

La 4 j)jr'^!l 4 _j^Jlj^I 4 ^->a LaLo-i 4_^LiiiIL« 5-UJ 

^ ^ j ‘j* I —“1 'vVi \jjt *4.^^ 1 Ah ^1 1 jl_^1j ' j ■"■ IjLc 


"S’11 

l:^i 


«/-u'-O • -= - 

U^ Cancerous masses ^LLj^l 


^j Teratomas ^a->_uL L^LL^^^i-u L^j 3 03 ^" ^ 4 j 

dJuk o' 03^^W^^ . \ 5~aJ 3 .4 i^V^ll L^iiiJI 3 jl£. L^IjjI l^iloL 

<L.j_ajJij_^1 Lj^i^_>J1 5 j3 ~i ^jdl 4_I__d lLIj "i 

V ^o—Ljr^ ‘Embryonic germ cell 4 

o' 1 ^' <■-t-i < all 3 ^j^l£L)l j.,i.ii -v 5 "hII jJlc. 4^LIco-^ 

CjI jl a C luSj i(J^L f.\~£,^ 4 jlLJL Lo^^ I JL9euj.a« I IjlA 

. LiLLso—Ml o ‘^*:^'3 4 -- ■^^.*11 o' '4-43-J 4 t4...:9t:_ muVI iJ-^3 4_c.I jj 

I il t4 j « xjj oLuf ol-^O'-^ t~4 llr. I 4 i it > C^^JI 

Multipotent adult cijljj^l 5ja_*_:L^ 4 _jL1L_J1 4 j :-^ Tl 4_4^' 

.o^L^ajtilj jlL^I t>a progenitor cells 


4^£.JL^i 4 j1-L11 Jjutkj < n ta ^llLlJI lIj^Lw ^ 

, 4^^tMiJ^1 ^^ 3 -)' ~ ^ * iCjlj-l all Bjjuda 4_il'w 4.AJLdl 

Robert Hoffmanju i ^33 jU < 4 ■ ^L-?^ 3 -ijj oL^ ^ llUj ^ 

4 _i£, 3 V 1 ct^ jJ 3 ■ ^ '3 -n * tlA^ t Y • * 0 j»L»Jl ,_yijt-iJl 4 .^j ^^3 

Hair ^3 * ■‘‘*" *_ilo-:^ 4 jlII_JI <L^ judt ** j * 3 ^ L^L >-3 4 j 3 >ajLll 

Li^ajl L^i-a J 3 _t-a_j>Jl -■ U^Jfollicle stem cells 

4 laj^l Schwann cells o' 3 -^ Glial cells ^ a uJl LM-iJl 

(Jjlx. cjlo-:^ (J-a-»j 0^1 Myelin ^oJL^l S^Lo Jo-aj jjjtxj 

oM o'3-^ j G^Lsfcj ^ til oj) TT a ^1-03 .4j i,Lnj 1 a r, < i ii^ til 


J 4 La tjLA 3 t4^LlJ1 4 j <^Lua-C.Vl 0 I 3 a"!! 

4 1 C^a 1J Laj . 4 ^ ‘ I I 3 — aVl 4 m£.Ju^1 4 jl^l 



































I I 




ja ,5 -^ “11 Li^L-^l <lLi_jl^ L_c,ijjl ‘“'t^^- 




' Li^LJc£^ ^ M Lj^I.^ 1 Luj.^ j^j ■ -■" 

J ^jU"i <h\ jl_^ cillja S t 'vij aj t i~i ^j-ia— 

^ ^ ■ '^~ 4JLIL_J1 4_j^J>_>tJl 4-jiSJl (J* '*■ ^ (jjl )i.iJLj 



fJ^LuiXl Ju^l JLjJl1£.j (V^ Ljj^^ J-^ ^ 

IjL^ d^^^LJLI 4-l3h^1 \ a1 .j aV l7~^^ ^ J 

CjL^^^l^VI 0.XA .4 j M ('^Tl 4 j ^ Juj^i 4_aL^1 ^ ^j .^ 11 lLLII)^ 

lJu^^-ju Cuj^-^ \ 'At ^ 1 i3j.^.^^Jlj 4 jij ^ 4-j^jJj.^^l Cji»l \‘)r 

LT^ 4JlJ 1—Jl 4_u" Ju^l 4—ii^iJi ^1 ^j^ Jo^l 

I 4 ^j .V ^ 3 " ^ I )Scj1jJl- 3JI 3.ajJ TT aj 4-iLlLj 4 _j_CJlj^ 

4 4 jl^tl aJJb ^jj (Jj-3j C<« 4>>j lLILLa jjl ,_yJj ^lj_Jl 

<xL^ t,':4-<,Malj aJlIL a^jljk 


441UI ifcMt LA J«t^ 1^ Ji§>JI 

^ ^ 1 11 A tl-wtt *---■ •^ 1 ^{ ^ 

(j| CT^J * 4 j 1 11 ^JL^ 4 «j i!r» I >.1^ LxJ (4Jl)LjJI 

:4^V1 CjL^o^I t A:y_) 4 jiJLj 4^JL^ 4A^ 

^ ^ jLjJ^^Mj ^L.ul_ 2tjVl ^ $ *^-4j i^^J3 j (J^ - ^ 

^l£JI i^Jua Ct^ ^ A~imlj J^l^o ^1 (1 g I i 1 

jJj^Vl (3^^ Clonogcnic 1^ <»3 ) «r< <^<1 3 jjl^I L^jJ (j^ - ^ 

d S li U.fl Lijijj L^J d a ilU>a L^L>. ^3^_i-u ^l3jl ^ ■ t-k~ ■.." L^l ij--^ 

^ d .^4- "11 ^ L-d^.^ Ljbj^JU t4_^lj 

.4^ JL>.^ ^d-uilU 

djJL^I . d -^ ... I" ...II 3 JljJl.^I L^L-^I lIUjl^^ _ 03^ (jl - ^ 


L^Jj^ ^j-d ^A d 4‘». . .. «^ i LdLd-l 4 ■»■ .>^1 \ 


LT 


LiU .Lk£.l ^ 


CxjI^ ul-^ t *»i1^ L^J 1 L^'L^ 

^ * L^ Lj^t -^11 ojjt c.^L^ ^L-ILja d i V 1.^ ^j j II ftl 

■ J ■^" Cj^ I d“tj III! jl i~il 4 ...!j^tl ^ ^ ^ 3.*^ *4 Ji^LjiJl 

. iiiij ^i.JaJLJ 































^~!l Plasticity SujjJJI 4 j 4 j ' d T .* O' - ^ 

4_-iJLJl 4_^ j_:>Jl 5jjL-fl j-Aj iTransdifferentiation j ; ^ 

j-j^T ^ u^iil 4 1 ^ V" a La ^ < uJ 

• ^ ^ 4 rt!~i^ o 4 j M i'w 5L*i*j 

Progenitor j L>L^l JLa r jU.n^ l?^! Jj ^ ~<" 0* - ® 

. UL*;! S^jU^a Lj^LL ^ 0* Precursor ^jVl LMiJIj 


L^LJ> U ^ j 'J " 3t_Jli dl 

0^3 (jy 


3 ^t 0-* ' ur 

^ ‘^J tJUJL.3c-lJ1 Lr^ aJiJLdI 1 '^^1 


4_;tJLd1^ J t llj J^L^I 4_iiJLd1 4-^L»d1 aJJt 4 ... A > 

(j1 J .Otj_>.LJI i^Lal IjuJuiw IjJ_>iJ (j l^J3 *4 J,4 aVI 

ijLaJtJ 4jj0-<-a (L^L^ <*<->r, nj S!Vi JL^ 4-iJLdt 4 _i C J I 4 Vtt 
LM—>. 4^1 yj\ il l 0^ 1 (.iUjbj IU (_jiji'^ll ^_^LlJI 3^ l-jl 

0^-^ LT^l t ^ .^11 V > 4 1^.^". ^ a . 4 ^ 

o' • L^J 4 l:vL^ La J)i>>r jl gJ,4.ii'> g^lrtlitfVl 

L^J^ irf-> jt 4^.3j^.l3-j L^LV 1-^' ■ >Ji 1 t J 

Lo^ L 0 L 4-1 iji ii"iT' IjLA L^J ^ 4 j rtj^ II 0j)lgTrj l^ljLo (4^l.^d1 

^1 0'^J>■ i4jj^^ 3^^LaXa j-^c. 4.141^ <_iLlj^I 

o^i^i llaj .^l^i (jrt tinV iti^ Qji 4in (^j 0-^ i-jM-iJi 


JLw Cj1jlj>.I t.i-iti '^n 4 4gU LljLfijLdJLl 

4 jVli '^I ^^^Jk_:^1 4 jLV.ll O^-^ . Lli^L ji^JU 4 1 J A J djLcl^^-A^J 

4 J ^ 1 t1 4 I IVT! i,2xjL£^ .4 .^ ^ 4. " 11 L^L^Ol ^' 3 -)^ n 

J U% Ttj 0-^ 3^1 jJl 4. J t \ ljujLj LuL^ 4 JlILJI 

<ln3 ">t* f^yS 0^^ LiJJj ,L« I ^Jf>J ^ t|J 1 2 1 j.utl ^-=tj 4_j__c,lj O^-aJ 

• 4 ^ 1 ... A 4-l-lt 4 uL 

5^11" I 4 jl 3^ til a Jl:^^ 4jLlLd1 4a£.JL:^l 4^1»JI 0i~^ t1i 

JL:^^ QI^ '»11 ' ^ ‘L> 1 A J t-S^^-usJuj t4j^ * . ..-^tt 4 

4 J ^ 1 tl 4-OLVJI aJLlLdt 4 j ^ I 4^1 4.U j ^ jLLa 4 jii 


























I I 


^ (jSLtlU t^jjl ij^'Lij 4 t f <^U 

4 I I iiL^fau^l 4..a.jl^jJ! (j1 ^ i«j .4-jLlL_Ji ^jJl .ft (_yJJ 

^ ^ ‘ * ^JlU ^ •'< X t ^ 4^L^ * 4 _aJ 1 _iJI 4_i£. JU>J 1 4_jlifcJJ 

tu 4jj-jajJ1 BjjJlJI ^_pJa 4.jjl jikjJI 4 < r 

l—j^LitJ 1_4jlj 4 _£^jJI 3j^jJ) Jl^^ " -j * U jI ' ^ 

4_i_La_iJLI 4jjL-^J^i Li^'L-^l t^ ^t~. ^ ' |3 p ■ .j.■ -^ n ^ V 

t ^ j ^1 "~ .d S j 4 itt ^Ljl^VI IjuJlj>«j^ <1 ^11 jl ^ "*-lt 

1^1 ^ ^ ^jujJu CjL^I j"i'>>V i % I*) all ^jji'4-^ J "^tl 4 .jI.^I 

^ j 1 11 <1 *i j < t L« ij 4_JiJl_iJi 4 _j^JLj>JI 4. ji -^1 ^J. c. ^^Lq-i 

. L^ ^ I cj "j ^ ^^j 


4ifUf ^ii^t 4^ u 4^1 ^ cHi t 

4, ji ^ LljJul 4 jl^tt 4Jufc ,j\ f^j-A JU^l—lil (3>^ J— 

:4j^Lj 4^jL:w 

djLoj - 4,..t.llj A_^ c \ -w L^jI ^ s ~ ■»Labeled . \ 

.edJj Juij ^ 44 ijt g 

ft" * 

4.^ ^ La ^_jj-uJ jl ^JJt ^ 

. 4^] i-_dLa L% 1 4 ^ (4^ L) 

f 

jJLjlj ^ j i" -N11 (jj-QJJ ^ jl i" ^V) Jre-jo L^L^l 

^_^SL! 4^^J^Jl 4 ^^ CjL 1 j_:x jl j-4^ ajA'frA Jjalj^ ^Llo] ^JlLa ■ 4 Ai~ 4- a 

- ^ L^LiJl ;j-40 j_yJj 


MUt uu^i4^ bM >« cH’ 

4 I ^J-L^d 1 4 ^ * 4i 1 . ..t t i I 4 1 ^ 4 ^ ^ I 4 Lj J- ^ ‘ ‘ ^ 1 

^ 4"4M 4>k a\\ i(^ 3 ^ In tl ^jjl 44jJ_^jdl 4 j 4j>ll^t !1 

Ij^'I _(j-LJ 4-ji_^ljJl t y tjd-^eJJ 4^L_^i^l 4 IUi 11 LjM—>* 

*—^ ‘ '*-^1 'i . ..VI *L7 ~'^—^ jl ^ ,.'» 1 I 4 iJr^ '11, i 

[ A^ i 1^ A 4 **■ ^ ^1 ■ Lt t| 1 1_ 4^1 II 

• ili^'llLJI 4jtj oLdJL^JI 



























1 Precursor /progenitor LMiJl aljt j .ji jjV (jL^ 

j 1 ^ * J * .^tj i4JiJlajl 4_^JL:^1 4 jl^Tl ^ 1 iLfuJ 

cUlIL^I 4.^Jl^ 1 L^L^I . La j . .1 \ 4jiJLJl 4 -^Jl'^I 

‘^ Ls' ^j 4Jj3k.j^ JLjV L^L^JI ^j -0 d 4- ~ A ^ 1^1 j_yJ| ^1 4 X 1 (jl 

4 y MiU OJl:k^ #1^-<-o ^ L^L-^L .1 wj -v- LaL^L^. iilj 

^ i* ^ * * La Jl>- (_yJj 5 ^ " A j-^ 03 ^ 4 y I .i i 1 ^\ tlrLL^l 

lLUIi^ ^_^-A La-Ljj i L^j-j>> i 5 .^ 4 .“■ A ji J * 1 A ".11 5 .^ATt L^j! 

^ ^ t-djju 5j_il t . 1 -^ ifJjoLSLll ^jl A_~ Uj 3 jlaL^ 

Ji a " i ^ lj JLa-^ (_^1 (_yJLj-uj Lajjjlj i^LoVl ,_yij 

Intermediate cell types 4_;U ...j w Lj^>^ _kJl oj-a ^jl_^ IjJ .cj;y:-^l 

L^jjii j^juJ J (Precursor /progenitor) 

Ij^L.^ 1 cillj iJLLa . La ^j■ 4 1^ ir^V"l.l L^^L^dl ft! Ur.j 

lj!>LkIl sL-A-uill ^jJl LM-^ (.ylaju Progenitor Cells (JajlII ^ 

killer cell StHLiJl 4^ A..u t l 4-A;iJi dUj^j B lymphocytes T& ^LLq^l 
^ igL La^ 4 ^^jlJ 1 LjM .^1 4 j at frlUf,] i*fcj tU a 9 Natursl 

j^" •J .4 ^£JlJ^1 ' ^!! 1 U aA A oL^ 4 A^A 4 * S~ a1 

4_j_^*x-^l L^L->JI >-^ *1—4 ^ I )II) Progenitor Ij5Lj>. jij_:w^ 

4 4 jA CjI j 4 _a4a 1-^^ ko^ * LaJjjwj 4jdLdl 

4_i_c.jLjdl Li^C^i 4U>j, ..jU 4.^^VI LyL.?dl u*^ * J J ^"n 4 J A J ^ 

. La ^ u*i) 4-'» i^llil 

p ■ LaJl^ (^J[^jla Va£ 4 A 4^LJt 4 ^£.JLj:^I 4j|4i1I — 

LaLoj 4 A a U A a^Jljw 4jt-^ Laj^1jl>.I ^L>a1 

lLUjij .4 A 4.j 1^ 4 4-4^1 Lai t4^Lj ^.1 ... a iVl 

. ^ ^I ^ L ■ I d 1 1• A L-bjj^^iciJ 1 AIL-^ ^iL^J Lj 

4_jJ_>J1 ^ A i n ^_,lc -4 4 U>J 4_^J^1 4 L^l . 

: Lai A.L.uA IV1 A i4.~" 1 ^ jji jLuiJLI lILI jj i4jL!Ld1 
jl 1L4J 4-AjLLail 4jjVl L^pI^I ^jjo (^Uaj (jl —\ 





















5j t nil 1 ^'lA (^1 t * 1 l“i 41 (jt .^ -^ " A ^ji^_iL>. ^tn <"i _Y 

tlr^ ^jJl (V JSLJiiJl ft ^~t ^j ^\ iu rt'tVi 

. I 

t 4JLIL1 ^ ■ t-«w ^ 9 



<Au^A <^LW^ 4jiJLt 4 „i1,^ 


^^jjj^u^itiJl <ui^l : Jla-a^ 4 ,i^„t,^>*ia 4^-v 




^ ^ 1 . .. ^ d tt ^ t ^ 1 ^ < d 1^ 


4_J^l ^LitJ dji^ '. JIILq 










a t^ . ...^tt 4_iJ^Vt A.fciljKJ 1^ 4iILJt <Ll£JL^^( (^} 











*^UI bU^I 


Intermediate precursor cells UmiJI UUftJl 

Jail—>o lLUjuj iC^l—d jl Cj-j-j-usI jj-i-uJJl L^'l—s- ^ 

^■! ' fl j U jJ i A "i .fc^l I II (li klLuL^-l 

du^j-C. Jlj 5JI ijjJjL^j i^JLl CjLiLl^I CjVL>> Jl)J l^-j La lLU j (JLiiA 

l^jja djtj.jua.d_d 511 ■ ..* A a>J *!-■■■ jl 4 _)JlLjLA ullLj.uiL j«jIj 

» <L^ Li jJi J-t 43tltj<l 

d L> ‘"jAIj 5 ■ ^ ^ ^H Lj^L.^ 1 (jl ..."i L^l 

Precursor lymphocyte ^ ^ .ill 5_ji;^ ^^jVl 4 jl^ll 

AoiSJl uiUB _ j T- lymphocytes '11 4laL^ 5^1 A ^ jllI 

Jj ^ “11 ljuA ol j^aj of ju Vj Natural Killer Cell 4 >.j lUJI ^IsLaJI 

u^jj^ 4j j -V *111 4JjaL^ Lj^L^ 4 ^iuj 

j1 (j-5ul 4 .juL. 4 jS JjLiuij jl 4 n„a „A oljLui^ 4 ,t t wLLa 4 i,j t * 

- ^j■ ■■ ill La (3'1^ 


Transdifferentiation or Plasticity 

Ll^I i^JjJLdCjO 1 j IjJL L3t.jaljjj 4 JJLJI 4^ 1 1 

4£«J->J1 dJLA Ij 1^11 4 _aSL*uj ^ji.JtJLJI jLi.^DI 4^jl^ 4j 

t4^ ^ ^ ' d j, 1 a a ^jjo dj 

(_3Jfcj 4 JJLJI 4_^JL^I 4 i[st 11 dj'i g 4j 4 J djj <|4 dJU^ 4 _ijjdL>. J5L->. jjjo (XUjj 
djjii jjb 4 "* II j! jj ua allj Plasticity. ^jjlUI 4 j 

^1 La ^ J 4*11 4.JiJl^l 4jX..lt *^ll L^LJJI 

4a^^ 4j/rf^lj>. . ^ ^ dLJkUl L>^ t Ii 1" ^a g uiii! 4 irt Vua 

L^C^Li tL^ dj^- 4 ja Cxdtu-udfj 4-tJLJ1 4 .j.£.JL^JI L^LdJI 1 ^jlf oLaU 

- djjL^l L^ • I ■ >■>11 «L^£.Jl.>JI Lj^i^Jl (JllLa t Lq dJij^jJI 4jiJLJl 

LaLoJ A A J *l jl - A',^» A 

^ ) d J. 1^ g L^Li. (PJ iSJLjJl djL.A jkjJl t4_j_tiiLuu^l LaL^L.^ 

^pLojOj l^JLl J^J 4—ubJjpl 4 jL.uij L^La.j t ^1~ ^ a ^_i_ui-) LT^^J 

^jjJJLi (jjl . ^ ^ ^J 4-jiJLjJl d. itr- V -^11 ^J,t |Jj-=CJ 1^1 iljXdU 

^jjJ t*.. .p dJu^ - ‘ d \ ^ 4>%X.-tj 4p»Jl (jlSLa L_i)L^I L^ Jj u^dl.1 


J> J- 



























^ 5l fulfil SjjLjLja 4J£LI _ Lo ^j_4 5jjLS-a JL^ 

L^L-x ji ijy>- Cy* L-*iLij 1 Ljj—til tj^l ^jJl Lj^Li^ oI 

Ju V jjSLI (_^_5 LaLoj S^lJLa 4_5 ^j LjuJ i-L^m J1 jL^I 

■»<1 5 . ^ ^Ai." a I <^A>- (^1 La ■ ■■ -1 4_^ JL>J 1 tijL-Lt 1 ^ij 1 (j I 

«(j^“irti"nf A M M *> Jrt (jS (ji '^‘j III > (jo Jt j jjl 

Ijj 3jLj>i1j 4-j4_3 j^j ^j.x L-t!u_i J3 T J "‘ * Liia_il CjJ_3fcj 4j 


^UqjlII (_7 ^ 4_iJL_J! 4 ^ C . A J1 4_ji-LIl ^jl LiUj Jl ~< a .vUn 4 

■ t* 1^ j ^ 11 Cj^Lua-aJI L^LL (_^1 )Jj ‘»1'i ^1 t* j 4-3 jjjJ 1 4-t-a^Jjij-^ 

^ ^ j LM-^ 1 i^jl 1 ^ J ^ L7~^J . t Xttj .5 “41 t -J 3ti L^'L^j 

4jX.Jl:^ L^LL L^ -^3^ 4 ■> I (I iVI g'w ^ l,V^ d jiji11 4.3 ^jJI 

.4j^JLiII 4 j t — 4 Jl!Lj 


mu\ um\ ^ a ^ ^ i ii 

^ — Jj^,i.rfX->Jl 4 A A.i..ft «4. L ^ i tt 4 ^,.^,.,jO t~.t-ii4 jl ajjt ^1 

^ 1 4i.iiirrki ill L^L^l ^^^1 ^ ■ '■ '1 4_sJL 


(-AJ 


3 < ~ ^ j- ig-j ^ 4_jJ.i^^ i4,1.1,j,l>J) A~\ AI L>^ LoLqj 

.i>Uoyi ^ 

*■ 6 6^ t 

^ ‘ * “ ^11 cILol^ I—A LJ Ltyjl J 4151 ^1 JL,u 

CaAJL^ 4j i^L^l (jl )S4,aU-3tJLJ 1 3jlJ^^I dj .^1 4,n (j-G^LiJl 

1 j jIj j * 1 ^ U^^.5-^ (J^ Ctdl11 ^ jic ^ I 4 • j iLtIj I Ijj 


JJjlII 4 IJL 4 JI 4^J I ti^H L^L^l JL^ (^;\j 4^\j ^j.i»jjn 3jjU 4 j! V (jO^L^l 

^ ^Lljj 4jl ■» t <ii 4 j 1 Lli ^".11 Vtl tcJuUsjJI djJUCLlI^ ^JK ",Si\ d ^ 1" 'L11 j 
i^^jjLA j-^ ^LJlIj ^LJlI LJ L 7 ^ 1 m i"i ^^Iju V Ljfj 

.( i'»tII 4 4,iJ^ 4 ^j^^^jl 1I ftLjii^l (j^j «L^1 1 ijlf (Jj 

I V A 4XaLA5l 4_L^aJjLll lIoLu^VI 1. i *. i .^. 1 ■ d ■ i^l 11 /> i a t~. ■ ^ I 
^ I ■ -■» La ^ j ' ■■ ^1 4 jl 1L^1 4-if Jlj^I L^lj^Jl CjS^‘ •^L-ll LfUjJ i^JL-aJ,! 

^1 jjj "*■ "" i,y-^3 * Lbjj.^ 1 J) t 1 "m ^ ijJL-i^JLI ^^j-uilJl LaLoJ t h 1 

dji .q • 11 ^Jub t~I g >j 3 JjjLj^l IjM-> (j-t^ 45.gL£. d 4." a 





































uuiji 


9 

j ^ O-^ AjlJIj 4_j-C.Ju:w £Lj1^ JL^I i3£>^ l>^ 

,JLjv 4.^1>. ^VI LijjJ (jjl . jL^I IjUk Li^i^ O ^^ 4.1.LJI—a 

I ■ ■'« t~- jj ^ t ... t iLQbdsd 4-aLlLj 

^ j ~ ^ j (j\j t“il VI j3 JL^ L^t ijJL IAjI hi a ~~ *J iL^L 4-> t V ^ 

LaLoj d S il t-> a 4 JlILj iit^VlLa O^La-i^ t3juJ-^l 

IJjVl Lfcj.V 1^ a Id^LV ^jC. i-iUju ^ iJuJL^l 

d_j r ■ 1 LV Vtl ^1 I^^jlijl 4 J V i 4-dj^j.Jull 4 _i_l^LVJ1 

uJlILIjj ^t iL^j 4 .Lu^JLI 4 *tj iTLj - lILui ^jA - 4jdLJl 

^jJmj (jA Ij'»" 1 V Uj-^J aJL>.!j ^ujuiaj^ inlll L^LV ^ 

* f 

—LJ^ ^ I i/^'i L^j-uuj l^-aL*^ 

Ij^LVJl ^j.a (_^j -■ .."j j S“. .."j ^jjj^l 

.—tj- «>>" (JJJIlj i^u-4.(illl ciJli) ^1 

LAjjLj-a_a 4_iJLJl 4^Ju>Jl 4,JiV!i jojjuj **^7" iJ^ ^ SjUJ^JI 

(jl^ iiJJjJ . ^jjUl 4 .j_u 3LV 14-L.4 c-u^^jw 

La^ IjjJ t4jLlL^I 4^ L^LVJl L^J j.x4^ ^^jd)l 4du^LV 

« a» 

ijAjJl ^ 4a^L>> t(jirtri,.»,*ill ^Lidi 

4 ^-- i 11 LiV Vll 4_id^Vl ^j-a d^Lt^) J^ OjJlUI 4 i a^Lv liUjljj 

4-jiJLiJI ^ ^ -wTi 4 .,^lL>JI JLB tL-aliJl IJUj .4jiJl_dt 

. ^ ,_^1 Ij^ivJl fjA ,j\ ^ riV ll 

4_il.9J1 I JLj-U^TI 4_iL!lj 4-4^JL>> 4 j 1'>>. ^1 ^1 Lub ^ J ill 1 ^1 J^Vj 

■ di 1^1,1 L^ 0^.±^ i"tl al. i ■^“i ■ ..i ^j.Aiu t^JliJ 4.Uudli 4d£jL9«Jl 

^jl (]^\j_>.LLli I J^j t*"* 1 djL£.L3 (JSLJ tjl (j^ L>^ 

* r ; . 

4i j « a 4 ■> mil ^j-a djjL..Vl U-Ji id-iJLJI ^ ^ L^L^JI 

Ij^'IV 4d_c^ (j-u^ 4 i^V~a L^<LV> diL^r. Ij t4 rtl’i V a 4 ^r i nil 

Vj i Ljl j '>■1 ilji i '>»‘i V ^jjJJI 4 1 ,u-)LV (jl ^1 )4jja idul (jPJt <Jj^^ 1 ^ *r j iiu 

Ii^jJlII jjJLuJI IjL^J L^L^t 

4d_a-i^ j* j '"‘"j (J^J t^^jiJLJI 4 _i^Jl^>JI d-diVJl ^a£> ^ ^ 

)Sjluij^1 

*^Lal£^ 4J (JIJ-LaJI IjLA 


^Vl 


J> 


















AmmAJI SmC'Mit 4 nIMI ^ MUiAlltj Ariti^t 4*^} 

4^ui maaJI 

Lo-d 1 La Jl^ ‘51 "A CujL) jj^VI ^! . i^jLdJI - |al^I 

i.~i\ aM~ ^\ (.ijiJjb l~A cLj^LiJI^ 4_ujj^>Jl 4 j_c.JL^J 1 Lt^L^Jl 

!» ^ 

4_utL4 <^jJI 4^j L7^J ^ ^ ^ d ‘^'~* ^jL^ » ^•*> . LuaJl 

. Luajf ijOjjLlJlj tj-G^jLi^l (J£^ 


.tt'kAi^\A hi A ^j\ 

4jjJ ^ 'v j'-a (jr^ 4 JlIL^I^ omi (j^"ijr j "hII ~i.j 1 •>»-! 1 (j^Tt . 

Lo^ t(JjLdVl ^ jl-VlT fj'v'iil'^. ^ )3■ ‘^* JjJ^1 Ml St*^l 3jj^l 

. 4-o-a^ -V* A ^IL^I SjJu^l ^ jj *^ 1 A ^14 ^1 

. 4 n»4 lJijUoj 

^ “ 

Unspecialized^_^ ^JL^ ^Lx * 1 ^Mirt> 4_aa^JaiL - 

1^.^-La Jlj-^ ->^1-^1 \ A Ti Aj^ t Juu ^ L^LtbJ^ jI i SUlt6 

IjJlA- 1^1 • l4..,^i.fl ^Ira„i,iiJ i~u “utl Cj^„i.,A7t,iiill jl <^1 <uj.wI^I 

(4a^L^ CjIm'w 4l3Lui^ 1 g Ic. j-t-^ 4-aL^I J CjLa^j^ 


S JUU (j-uJ CujjLoj (Jaj jjQ^ b^LstU 

0£.j|j I j| 5 4." A L^L^ a.1 1^1 - 

.SjUJl^I Ij^L^I ^L\dJ ^0^ V (_7^ ^_y£.LiIl o^ t3^ ^ ^jiiit 

t^Lu^yI J^ ^^SLi-uJuj Homing ju^L^ i^ylc. 3jjl^I I-^jJ 1 o^ia _ 

L^jJ 5 A Ij^L^ Lo ■'■* L^Jix.1jj ji£. L^Lj^I ^ i5 ^ 

^ ^ ‘ (jlSLfl t jjl ^ ~iVl (_ylc. 5jjL_aJl 

. l4>-^LL>dJ ^jL^I ^ Cy^^ .5 tl .^U djLojJl llUj |»Lall jls^^ 


I L7^ (Jjl i^>»n Jl \ Id^A - 

(jl VI t4_iljJl 4_^j cr^ j-V i^nll 4_iajj « a *"■ ■ - 4_iJL^I 4 j^J1 4 jl-^tl 
L^ji (j_4 ^jJI i J M. -^t t 4 M i ’J (jja jjL-c- (_^ L^-j-k, Ijolc (j^lj>^LJI 

Vjl ^ t4u.LiJL^Jf <^£.JL>J) 4^19^1 LaI .^jjLj ^ 


















LfU^I 


j\ _>- ^jja 

^ (j! J_ju VI 4 jM 4_^JLjw 

\% i /^.J W \ ir i«LLjjl^ 4^J.^ J^3 a ... -^ ^ ^••■' «*«... ^ 


) 4_ajjVl 4 J 

uij V ^ ■ ^>yi Ij^l^ 


« 4-Lfi^JL>JI 4.^jL>Jt L^L^I |Jj>^ (jl In" i n t 

j y 11 L^^L-u _ 

^ ^ ^ ^^ t jj 1 ji ^ j «j'■**-^^ 4a^ JL^iJl 4.^i^Ji 

^ ^ t4-^L^ij 4_2 j^.^_J ^1_4-^I 1^11 i ^ t t t . A a “ A Ll^>L^ 

t^J_ se-i V Ijl^^ (4_ ^ _>«JI ^l^_)l \ \A r-. LiUju 

. Juc iilLJ! 4 ^jlj^I 

jjfcj L^jL-u _ 

•" ^^^_j_i_u jL3 C-LCjjij ■" f^j-A CjJL;>> 1 I]^I 4-jij.L>«J1 4_i_CjL.>tJl 4-^i>Jl 

_ 4^ji^jXI Lt^tJfel] jLi.u>JI i ‘ « '*■’'• ^ 

f 

UJ^I. 

5-^ y} \ Ij^L^I jj-uaj ^ojj ^masses Teratomas ^LL j-^\ J^L uijuu 

I ^1 ^1 4^ t 4 ..>JLu3 d 4. I 11 J ^ 

La C^jj 1 jj iiJUl i^j^\ L>UJI uiiJUJI 

J^j<i‘*il ciUjj unit! L^LSJ LaLoj 4-^LLajQ L^l:^ ^^Ut~ (JjJUJ 
^1. 1 -^"...V ^LaI **-' Cy^ ^i 5 ^ L^jLrao Plasticity ^jjlUI 4j_loL^ 

^ La jjuaC. ^\ 4-^ij \Jp^ (_yiB 

Pluripotency culjjLiJl . 

L_^jJl£ iCjIjJl^I 0^^^ d j i^t ^ t ^ 11"* 4 __lLu.>JI 4__i-C-J_>J1 ^ 

Cjl—dJJjJl ^Jji >" d ^ ~\\ L}^L_^I 'V L*«" jjL-4^1 

Three embryonic germ layers 5 4^^j_:>JI 

CjIjJL^ olii 4 jl]LJ1 4-^Jl:^ 1 4_ii>Jl La! .^^JijJuVlj 

( 4 _^ •" ...i!! LiV-^ ^^LL^V ^ N4ultipotent ^^ * *" * 

(J^ ^U." ^\ ^jU" ..." Npiir^l stem cell jil LiJLJl j^l 4_4^t JLi-* 
l4jxdl.^Jl aJJb * ^ J 4_La Cj^j^ 1 jj La! .^_I1 

< ■ ■■ Lo^ liUjJ t“<H Ti", ..I eiJLljft L^l VI cijIjj^ oI j t-.... jT ^L>Jt ^jla 

■ dJjS^I 4Lal£LJI 4a^2i1 4^^ 


■■ >: S 
























4.jJi^i:>Jl 4 -j_^Jl.>J 1 Li^L-^1 ;Jj ^ ^ Jt ^LLaI_i_u1 I “i '%■ t, 1 

4 l^i~i Tr <Q C-J1 jLa ^ i n rt il Cf'v-1 ^ 113^ j X CjL^.4^ 4jj^.uljJ I 

t4jiJl_iJl 4 .j_£.Jl>J 1 L^f .jJLlj>-I 3jLftJ . 5 A 4.jl3b£^ 


uul jl3^ 1 


1 ^ " i f 1Jjj i <1 n ^4 

.4 V~,a L^L^ ^~4 'w 1 Cj^Loj t~i"< 1 ! ^ 4^jJu 

L^L_3J1 ^L>«~ 4 j/j)^11 4.j-^jL^iJl L^Lj^I t aM~ -^I ljub 

j( jjLftjj ^1 (JLpi.1^ 

I^Lal lJl3j 4 K a ^ ^\ ... ^ >VI 4JkJLJI 4 j gL i 1- 3 Aj~ J i ~ 

Lj^LiJi ^2>4 ^Ju=. oU 

4_LiljIl 4 JlILJ 1 4.^JbJ^I LM-iJI udJjJ JLiaj .^MjlII^ 4jcIj_)J1 oLjJLojC, 

L^l ^1 tj- j JL ^ ll c^jj ^ ^LIojJl tj-4 jl |»aJl ^jlU 

Ijl L^l Jl:^J Lj^L.^ 1 JL^ 4^^L..^tVl 4r-_j._^.x_i 

L^L^ ^tLjL-uijI ^1 Ij1^.j_j>- f^l£DI ^^ ^ 

.4^ Ili ili 4-3jlIna 4 ■^■^4*".a 

L>^ Cy^ O^ 4-la^5LLlj ^JL^ ^“^3 

1 ~i L^L^l 4_^1jf^ (J^L^ (^jja 4-j_uijJI 4 -^Jl.>JI 

CjL j (j-3_>> jJ^L^ -1 3 A 4 jl1LjJI 4 j f 1 ■%■ tl t~>l 31^ LjaI 

.4-^l^l Lj^Lp^JI dij ' tjLdJl^ e-ijLsuil 
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(*) 




^L-JI jjb ^Fctcil^ (2fu.>JLi \-iJt \j 

Lr^ jl cr^! 4 -jljjI ij\j LjO j— a_*JI ^_yA 

r,t I'rt^ JL^J t(Jg "sH 5j-lfl (_J^! (J^j 

4_Lo J.l 1.^11 J —4-C. (_yjx. ilVjJJ 4 ,,a,K 

(jruj I I j. g’i! Luajlj *4 j 

i Aj. V_x^ A ^ J 4_t^jL^Kjl 4..al>Jl 

^j»<a Lj^^ .S^3 tljL^ ^^.ill 

Qji <LiCJl^I 

ij^^LuIt ^ HI 'V - -'I ^ 

3^ .LI ^ oLljO^ ^ ^ 4-C^-i.iiJ ^^yoLjlL) 

14 ^ I 111 Vi 4a^ Jl-^I fiJJb ^jJi 

I jj 1 1 JL> ^ ^ ^3 ‘ " * ^3 J '3 3 

1J-^ \j i k ^ 1 ^ t*li“i4~> j-^-aJi 1 JlA ^_3-3 4u;wVl 

^Lla£.j 4^l£. 3jJk^ (4 ^Jl>J) Li^'L^I 

4j_Ul 1>J| ...Wl j y •" J 

fjjQ ^ •*■ ■ 1 j£j t4^x«n^j ^ ‘ ^ ^ ‘ 

^ ^ oJ^ ** 7 "“*^ 


J- 


I— 


It iJS 


.Fetal Stem Cell (♦) 










.4j Multipotent djIjjL-iJl ax \ t “i a L!vL>- • 

. .* V t.u. ‘J i Ll^L^ -1 ^L^£.I ^ l^l ^ »* 4^' 

la ^ -5^ 4i i<^ 4-l^j 1^ M l (~i ioa I j-^1 ^ j i u 1 j_5.Lajij ^jl 

Fctsl ^^L-jJI |:kjLLI 4—j uiJJLI 4 j_^_L^iJl Li^'l >«J1 L-MI _j LM 

»li>ij^.llj f.\ j-4>.T1 ^jlII Ij>L> ^1^1 ^■L4-> (jiaju Hematopoietic Stem cell 

La^ - ^LILa - ^ J ■" * ^ ^ ‘X T 

^ kiU Jd jj ‘ ^ ~ ■" t ^ L^Lq.) ciU J J ^ ' JL^ (1>^^ L7~^~^ 

djljj ^1 3^^_—dj 4 J ual 3>i 4 j_Li_l>Jl 4 j —^1 Lj^'I siJI (Jj11^~ 

gj ..i:!! 4JJLJI ju^l Ij!>L->JI 4j1 ruT) L^jl -i_j iPluripotency 

_ dut^ L)J-^ - ^ 6^ V^Li^ i5j_iJl^ 4 I iic'\ 

1 ^ M c. f_y^ L^ <Mi T 4^LJI 4 J, r JL^I L^L_3Jl cujL^ I j| i-A-c 

)SV ^1^1 iIi 4^JL:^1 

I u S iVI t J-:k 4_^Lc 3jJl3j 4.^Jl^I i-sTI Lj^L> 3":^**"" - 

L^ ^JuJ ' <i 3A" ^11 ^-4 Ml jlj-^l L^jJLaj Ljuajl^ 

SJl^I itiA l^i^AJ ^lUj (J^ Aillj I nfl )V1 Ij^'L>^ I^jji Cy*3 

- 3^^ ft \\ •“ ...I L ^^...Ml Ij^t^ 

t ay i ^ J ^ U^'L^I j ^ - 

I_ ^ L^'L.^I t alj ^ ^ '^11 4J_aJ^ ^ 

L^ jl ^^1—^tl ji i>\ iJj 4 t i.j-^3 14 J f JL-:^I '^H 

La^ a • t i[ ^If 4_Aj^JKJt 4_% uij^l «Antigenicity)> _j a <nj 

^ ^ *■ *.1^ »_t ^ 'J A i J « i>ttiJ \ ft lJlJg ^ ^ J * tl 

A (J l 3" IjM_>. L^Lfl J-^I (_J L>A>J 4 J 4 (2>^ 

(j^'LLaVl ^_^jLju ^Ua J^ 4_^lj^l CjI a itl 

.<Lii£, oli-J jl i^Jc. Ji'-i IjJ l^-La (^1 

I i 4-^■U'^.l 1 ^LLulTI 3.>^ 4_^L-iJI 4j i^LjJI t_ 

" ^ 

jl tu 4 jJlI ^^33 1—^1 t4_i_c.jL-^l Mill (Jj_>Jl L^'L^ 

(JjLLa^s ^ ^Ini A J l (jj-^ 0-® ^bi J* (jis 

■ t*»ftHI t ^^^^ La£iLLA 
























^LJI 


Gr^ft jl 4_c.jjJJLt Li^G^I jL-iJa (—d^juaJLI (J'*^ -^J-i ^ udljjft . 

iL-djjiail Ij>U- 4-^1^ L^LiJ! u^M-w .versus Host Reaction 

4jj0 J i->itij ^lht!l Ij^L^ ^ i*‘ijL'>i‘i 

1 j 11 ti L^J Cy^ V. Lj *4 1 j^Aj i4 ~t J< 4 Jl2 i>lA 

lj\^ ^ J ^ t ^ ^ ^ j “' (.i^liJL^Vl tfJLA }4 j_^ 

(_^1 JiU 

(j^la-ll <U£.Jl^I 4jl^tl (Jt'Tij dJUj-AJI ^JlA ^gT-.a - 

1 *4 I (irt i C^jJI Jij.U.11 L>'^ i^J^JGJI 

(_y^ 4_| I t-£JLtA Mj-44 * Jl>.1j uUBj (_y^ 

J^..>JI t_Alj -Ltt CjLal— i_u_AjVI ^ L^4-_>JI j j^L^^^iLc 

. aj. .^•tl Ij^i^JI Qji j^1 lJiIjJL I^lS 


:^l 9 it jti illll 4N«;ttJI bMftJI 41 ^) ||lkl 

Fetal liver giL^«orUa^j>atfa \ .«U*Sua>^U.>c:i,i^iij>L^ 

Hematopoietic stem cell (fetal liver HSC) 

^j£Jj jLlxll£^ ^U^jlII ^ t^Jki! a m',,^ A a ^t ^ Lj^LAx 

L)^(-J^ll l^jL^ ^ ^Ij g 1^ .^l^ .':SJ\ AjjLAII Lgjtj^ )jL^1 

^jlU 4Juii ill 4 JlILiJ1 4^^jl>J1 ^jlU cLjLuuII A-ijuSLII 4.^jl9JI 

L^UkJI (jt l^jgAl la CjI^MA>>1 lLILIa 

Human ^1 '-a^ jt ^La \, ^ i **Vi L-^jJ ^L-^l i:» 11 4 j.i i^ll 4 j r..i ^1 

^u...t 1_aUj Jai II 1leukocyte antigens (HLAs) 

4_jx,Jl. 9>JI (jj ^ ^JlU a • ', 1 ^ 11 4Jl1L^1 4_j.c J I 

ICjllj^j’tVl oJJt l^olc. V (J>>ijJLI 4 ji ti&lt 

l 5' uj*^ o-^ > (j^a L^j-c-ljy jic (^^Llil il^Al II 4 jU r jLa (_jJLjJly 

i^jU Lit 4 jju£L] 1 4jXi j >Jt lj^l-»Jl ^1 4 jlf .~.yiC A^ 

jJL^I 4^L111^ i^jJt (j-jQ 4-C.jri gj laL>> 4 a V IjIj-c. 1 ^[JLp 

1 Aj 1 A i^jdJ a*L.^.m 4 JJLJI 4.^Jl:^1 Ij^LAJI t ^ jU*“ Jj^ j 

^aU 4*i lulll 4j. 1 1^11 4 jf...i '^11 L^LAJI (j| (Jj-Aj 1 3^J .^Ihill 

.^L^l ^LI^uJI Laj \*rt« AjJlJl tiili ^ I u>.i 

















Fetal CNS Stem Cells 

^ J *J ; ‘^ ^ 4_Jjl Lt^Lj>> djJi^Lj JLJ>>^ 

LiCiJI 1 jl^j cjLjj) 11^ % !l (J^ *^-Xi j 'v (_yij LajjJj 

-^11 ^1 1 ^ j -^11 jj^ t4 j flijdl 

^ 5 11 L^L^Jl ft ^cUkJLJl 4 _^jljl^jJI 

^ J ^ CT^J ~ ^J^Li 4 -x^Jl>> 4-jlic-i j t^LL ^1 Lq-^ 1 

^ ^ Lui^l j g t II j:kJLgli1 ^ t^jjJJi 
Fetal mesenchymal >< -siYi^ j ca 

stem cells (fetal MSC) 


1 1 4 y • M it ^AJ 4^j.ZlII^ aj uK II i^jjA 

- - “ - y 

aj .5 -^“i t I JhjJlAJI l*‘r^‘i < iTt 

L^L^I t 1^1 1.^ i<uJjkjJ1 L^L^l j i^\tl1 1 j£j (tiuJjVI 

^1 ^LgZu I ^i^gJ t,-iij '*- 4^1 l^tll 1^ 4Jl 1LJI 4.J g tbUI cL^Jli^I 

^LtJi l^jo^ udJj ^1 cJl4^i .4jKj^II o^LuajlII i^jJI i*^f 

L-g-^ji-^l oljjL^ ^ ^ ^-iJi-^Ii i ^^l-i„ij..g,!)Vl 

^UfULlI ^ ^ III 4a^JL:^1 LjM..>JI Lg^ .4 -aJL^I 

.^LJl ^UajlII (jr^ 4uA2tUI 4u£,JLrKJi f^jji ' 

0. Vtt "tU 4 SLLqJL 1 (J£ ^jjO 4-C,j)g Tr a i LLA i ^ < ^J Lg-4j 

^1 ^L^l iSK 11 4 j ^ 'a-lll 4 i c.>.k.-^l i^jja IjJSLu 

^ g 1 u~} 3jLl L^Lj^I i'^j^ r 

."tV .>> <!i _usj ^ ^ ^ I ^ j ^ ljji_ 2 w^ I_g_^ iGalectin - 1 

Muscular dystrophies Jii^Jl Jig 

1 J >^“ ^ I ^i*U~4g > 4 4JLlL-Jt 4 j gI Ii 4 ^ Jlj^I Ij^ -^ll {.^^3 

tHLA II ^CaIaj HLA I ^g-SLJl 4L^...^ ~ ^ CjI ly J ~nl 

^1 JU£. III t 4 11^) I ^ ^ 4*1 'fc.I 4 ^ 0^3 

I ^^I 4 *4-*.T1 d I Ill 4^^J-^I Lj^C^I (jL^ J 4.u,'w 

HLA II _j_jjV 1 4^1 1“ g 1 V 9 tSjJJ _ C. J^lj_CJ (_^£.mi ^1 J—idl 

4^ij L7^^ ^ ‘ *11"^^* V L^l JL^ Lg-^ 4 4 .j£^^I 

^L?uj L^-jgl,.liV"i>uV LqL^ 1 1 ^ ir jj) t lull t~>. t S4 Jl^ 






























t^L^I (j^xaell 4^-L^l L^L^l ^1 i^^IaJI 

^Jju <JljLij.3e_LljVl JjUlj ‘^^* 


4_jjdT 4 _^^'Lx. Ij^L> i3^u ^ 1 .^d Uj I L_^jjJ\U 1 ^ .U ^-L^Arfil 

L j c LLo >l\jT ^L-d igJi tU ^j.cxjjAI V^ ^1 <111 j j lI^TI LaL V 


‘i4_iJl_J1 4j ^j>-lH 4 Jl-jJI Li^L^vJI j P^} Cj ‘^ (_T^ 

.^L4illlj ^Luii^Vl 4 ^Lc. 3jJ_L4 4^1"<i \ L 4 J Luaji L^ll4 


^y, 2^1 

t ^‘-*^'^ 4_i_c.J l.>«JI 4_ii^Ji < ^ L-s. cjL^JJI ciJl-L^ 1 ij^_2j 

jjJu La A^j.Jua (J^Li- ^^^Lclil 4_i_uljJ JjVl * LAjIj-l^j i 

jJb ^^LiJIj lA <ii"i ^U ^^^Liuil 1 il-> CjI^^ a1 1— 

^ J ^ ^ J cl4-)l^ 

4JiJL^I 4-^ J-^l Ij^L^I ^,1 hr~ I mT) IjiJ^^.^j 

Jlx^ . I^XA Vjlj ^L^I (jg ('>,U (^MaU 

3ju-Jh.jJI 0.5^ t^L^I ^j^Jigrll 4,.Ltf:..’,i-;H,.!l 4..i,l,i»-Ll 4,.^:v^Lx. CjL^IjLsumI 

: Ijb^).^ kXUj 

In utero transplantation • 

44_al (Jij I—« (^ i.'^K —Ja3 0^ JjJl_»J1 lIILLA 

aAs^c- .a 0~ *1 i ji A-^Iaaj 

^L>JI jljlj ^JrtLali jlla~i)i V L^jl LoS)Liiajl 

Ij^L.^1 illU j jL tj 4 j^_s_i^ ^ U 4 VI ^1 j “i'S 

fjjA (j^.u-:>>l itaJLJl * j •*• ^ (J^lj ^ LTfll 4 _^Jl.^| 

3jjl^I ^LoI jli^I^L) (4jl]LiJI 4-j^ jl>JI 4^1^! ^IjljumiI 

1 \t f>tjl Lo^ ^ijgrll 4 ^Jl:^1 4j1V1I ^ ^ j.a'iJ 

4jl^ iSjV^l ^ f. ^ 4j LajJuuj .4-JIa 

^L^l (j-uacU 4 .^X.Jl:^I L^L^t Cy^ cJ^ 4 .u3L^J1 CjI^ j all ^j-j_a < ^ iggi^ 

t |U“U L^Ld^J ^ d“ 1'*"'^ (^ d « .^1 

j^l aJlU 4Lu&111 4jl]LiJI 4 Lj^ijiJ) ^1 4^ V Ix^j ^jiJaIJ 

cL^ljJLa (jja L^td U 4JJl 4jr I'^Jl 















iljJ-iil jjulIa 


uu L^jI Ltt^ -(^>4^1 A.i C . \y 1^1 iSi-^ 

^jjJ 4*i<uill <Ui^1 oVjijbA i 4^L^ 4^1 lurtti 

1 J^f^L Cj^L Jiit (±J!iJI 

Ij^>L^ i^i 'j ^**1 j jl^ uj^ tji ('^11 ^1 lUj iti \ t 4uJI_g 

4K 4^1 U aJJt c^lUuJI -^3 *4jla ^ 3^ 4 jr. J y. 4-ij^£. 

VI ^jjA JjVl '‘•'l^'^l 3^3 «L^J.j^l L^L^I f * L^ 


*JJJ 


L^^Li-u-^l 5 4 A ^jlIJ 4_1.4iilll (ji-L>JI Li^L^ 4J^ ^1 

. I^JlII 4^ 4n)ll 4j^l^l 4 ^Jl^1— LM^I ^J4£- [|Ja^I cliljJL 4l>.jJLI 

4_«JLJ1 ^.xjo-x-IJI ^ ^^ 1 '*-11 L^iL^iJI llUj (jiU^tTI *4 .^>JLjl1,I 

■ 4_1C^^ ^ I 4 "'* **" t4.^^LLa 4>_i ^j ■> ~~ L^l ljjL>>j ' 0 ^ 3 ^ ^ (^^3 

4-^,1 -^ll LiLiJl ^ LfcjXijj i jJ 1 J.c^>Jl ^j-a (jLS j g r (_y3 iL^ 

, j> ^\f,,S 

^3f 1-^ '‘^■^'* fcij ‘~-lL^{ tjJLrxj (j-a '"' u^^3 4 IAIII 4jkJ1^1 

ji 

|>1, 1 ^ V* i4il 4.aLgjC. ^ i u '»■" 4.tJ3L^tj 4J!JL^1 j ^ 3 -^ 4 j g Trill <b-C. 1 '^,11 L^L^I 

^IjLitJL^I J>« juV o>-^ 'jJ (*>•>J' «>•*-> jr>LjtJl (P 4-l-.^..UI L>UJI 


Lo^ ^UII 4,Kjl.g L^ V (jg-l a d) A-xg, >111 Ij^L^I 

<Lj-C..,i-'^!l ^1 I 3 JLJVJ 4^g>.jJI ^gJiiJI O'Ww C^jj * 1 igir 

(jjj a y ...'iVlj gLju3£.VI ;j^ j ^-^ 3 -^ 3 -^ ^ 4j.AJttUI 

^ Uj^ (^1 ^j^LqVl ^1 ^>LjJI f^3J ;jl£Lal 3^3 ‘ ^ 

^ ■"“ ^1 j_^_aJlj ■“" ^Lj>- <^11Aj )4_^I Jlj l_g (j-A i-^ll 

X-linked severe combined immunodeficiency fjj£\ .U.~^ i 

^jja 4 jC K ■kII J^_^1 LjV-^ ^I.K V~4 hiIj (^^—<^3 1 ^ -v^Lc. JL^ 

Gene Therapy OLUj^b ^MjJf ^ • 

IjJLi-C. t ^ 0-^1 LgLgj CjI m '^lla ^ 5 'LgJI JLjaE-A (jjlg «j ^j-a ^JJLI 

^j-iLjlj lj-)i^ A Sa 4 4.j^Ji.:>J1 a 1 ^^ 1 j^jJI c^LuiU^VLi g ■ -^1 

4—S.j^_La_j 4j j_j 3 t—t-iaj jl^JLi ^jLSJLl J_j—4 K 4 ^-a 

udJj -‘"*1 ■ "3^ j All ^y-A.i. 4- " ...j (^>^1 ^Lc^lj .4 A ^ 


41^ Ju 


lH 




iul g '“ ^ cLjJl^u JLd \_a 




. L^'L^dl * 1 -*■ n LtVi-^dl t ^A 'i \ Ljj" 


















dudiiJI 


L^ Lll <3 I 4 d 1 Jf^ 11 A 1 i ^ H U 1 L% t I ^ M J J K I ^ ‘ ^ .J"^ ^ ^ 0^^^ 

,i III 11 jLoIo jj-iia 11 ^ I y n > 4 t 1T Lj j 4 IH a 1 

) 1^ L^ i (Ja^ 

TY' 4j jLui->Jl^ i^-iIaJL) 4_jiJ ■ ^ ^ ^ ^^liajJLl ^1 JL^ 

I X jy '^tl J^Jlj ij^ ^tl ciilj . l^ S 4 , \ 5 .1 

i^M I jxjJ a n j ^ I Cl a 7)^ ^ <i“ c ■I'tj j_4-^yyu 1 ^ jIt I ^ c 4 \ a ^4 

4_i_C.JL.>J| 4 I l-^ll C^yj jJ^ IJlJ . jLfay->J1 

‘^.^3 

iL^ j V di^'lSLii^ t.~*l>- ji^j t^jyi.4-ifuJl^ bijLly-:^Lj ^^!i^Lj ^Lal 

4j£^ (2r^-Lu CjjA^^ iaj^-S otj-^ ^~i .a II JL^I IjlA t**! Jr JL Cjj-^J 

4 i f JL-^11 Lj^ -^il ^JLaII Ijj-i-l (jVlj ■ Jj- J J ^ VIj-aIj 

4X^^JLI Ij^iL^I IjjLcI ^ ij 1 “ ciUjJ t4 Jy gj L>^ 4.1yy^| 

^jl jl aJub i.Tc,:^: ^ i Jl5ij (_yjj 

ij^ J VI t i ^ _jy y J->>l JL^^I 

cdJj ( l.a^JjVj JLAJ . CjU^^L . ^lJL>j.yyJlj (j^L^ I, yUA>l 

Sj^ola tljjL>.t jw5i Iajj jj tgJLjiJLl (J-c->- (^jJl ^j[^-ii ,a!l 

(jA 4 .^Jlj^I La.-i£Li^^l 4 i\^ CxjL^ IIlI .^^.j.j£Lll ^^_u_:^1 ^Udj-iyJI lIjUx^ 

3j) ^"*1 ^ * I *“' OJ*^ Ij-^ cr^ tCy-iyillLt LlyiijJI fj3 Cjj JL^ 

L^jJ LLS^^-C 1-^^ l-^V ^.lUjj ^JlU 4J1 yyiXI 4_y-C.jL.3J) 

4^lc. 3«L^ t4XL^1jja^ ... S iVl I Jl^ 4^1-^ 4jjA 

Jayyjj fjS t u.*iVI J jlj-_a_I_i_uVl (_ylc- L^jJL^ L-uaulj * L^Lijjv (j^j 

4j ^-jy-iuJI ^t L^j Jaaj 1 i.j 1 L^iL^I 

ijy^ JuJL^I ^Jiyill jl^a'i I nVI Jju L^jJlLa ^ u~j 4 ) 4jl^).a^ *~^Ji3 

l_Jajl .ytiLll (J^ (_y3| ^mi O’^-:^) j •"it I ^ Cy^3 tjl iH ~i\Vlj jjLyOJI 
i4laj-j;JI (3 j;Jo 03-^ (>* jl jl\ gj ^ y -l H (^yJl L44-JJKJI 

^Ij^l I gT- jjc43f J V ^l 1 y A laC.UjS L^1 u- 1 V uJljtJ Ij^ 

tjjj L>^ Cj^ *“ ^ 0^3 ^ J *.* J* 4 jl'^ (_^i jL-Ja JpLi-ilD ^^^ 

.aIjMi- ^1 a. i j.i -w 1 ^l^a 1 j (jl 

aJL.^ \ ^ ^^Lc. jJaHill 3j. -i-Io-iJl 4_^lji^i ,_)l3l^^_>oVl ^j_A , Xj. X t 11 lIILLAJ 


:UL» LiUJl, 





















^jrsTiir6>;ii^i 


.Mucopolysaccharidoses jujl£. isLiJLi _ 

.Cerebral gangliosidosis JjxiUJI - 

.Leucodystrophies j-JJ _ 

.Osteogenesis imperfecta - 

. Muscular dystrophy (_yLAjdl _ 

^jji JuJulII j . ^A \ j i^L^t (ji-laeU 4 j4 Trill i '^ll 

^ 4^1jjJl 




Cr^- 


Non - ihvasive prenatal SjV^I j. 

L^'L^ ijA9 \ (jt c tj TTj (J^4—>J1 pLIjI 4j) 4j ^ ^"j [diagnosis 

»J^-' ^ ljJ-L.ea-4 Ll! 4.J^jL.»dl 

c-ilfl ~ jl 4_oa fjJJ 4_xl i-%,11 a| 

4^jJ1 4.2j^^JaJl ^JA ja^Lol ^IjlIIj 

1 —ftjj aJid LjJajlj n^.l.:xJI |»jl1 L^Laj 

Ij 5L->J1 ^l>jl ^ ^ ^1 ^aLc. (J£LAjj .5^ d 1 (Jx_>JI cjLIju Li^j) -v 
4.^L^I Lgjfc t|a^1 La-ljvj (,^^1 ^>aL^1 ^ ^ 


4^j.^1 L^L^dl ^1 jL^ [MSC A^jL^I 14j^ 4jl'^j HSC ^jdJ 4 MHdl 

1|»V1 |aj ^Jjl 4 4 L^ Qiii "wl ^Ldl ^ '"^11 ^ J *> ‘*'111 

1—^ L^l 111 4^1 ^ 1^ ^ “ |4-3 i(J^4—>jl cdoJI 4 j LT^J 


~- ^ g ^ imLaLjJ)) ‘j ■“ 11 1 L^_ii^ *—• " T1 j 

^ JjaLftlu [ ^l«"ii ^1 Lld£.j 1-^1^ L^I^U 4a£,-i“^.ll 4.ai^l3 IjlSaj 

.^yLtJI a ... t I i4lJI 1-^1 ^-i^l IJA 
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•.Ulk^1 Ukll 

Embryonic 4 j a_^ilU j_^^ \ 4_AiJl 

4_j_ c-ls _^ LM_ f_yjb Carcinoma Cell 

d ^ jS?1 03^ "* Cy^ cli^uaJ_ib^_i_uI 

t4 j 1_uaj 1^ V i4.^^^l 4 j ) u i11 

jjU .Teratocarcinomas 

1 .,JLf.d.>> tijjL^ (jij 

Ij^L-^11 JuJubJI a,■ i..i.4 4JL» 

^L>J1 dJLdi ^1 (^1 -VJill 

L^ jSm *Pluripotency c^ljjL-iJi SjJalj 

.i-itfc '^Ti ^ A(^j j-jLftJjj tjl 

4 _i iJ i1 4.^^j.:^1 jjjs \ 

tfj-* - - ‘ - - (*>tJ-»>-^!) 

. <L.J_i^L^ I ±^A\j _ d J 4.U 

4 I t 'l t ^ L ^. " i lt -K ^jjJi OJL_:wj (^^1 

^b^l Aaoj-l^Jl 4.a£.jL^>Jl AjiJ>iJl 

'0^ ^J' ' A-iLUirKJI JuLJ (^jJI 

^ ^-4 J4 ^ }ol i 1 n "w ^jLb^ Mill Lijbjb o! 

^ j J jL-AJi (j-A 4 J Ij / A^jjLIa^ full 4 jl-^l 



J> 


























Cj j AIi LT^J il>JLl 4-^1 51" t I n aj) 3 \ 4 _L^Ij^ L 7^ 5 j. l Sli 

i^jji . ^«Aju Lo^ - t d,‘^^ I i 1 'J4-^,li '^Tl 

^1 - ' ^ ^.4_^jj^t 5 ... ^Clt 4-jl>iljJI 4 j_^J->JI <l1i^1 

^ 1 jl _ jLdJJ 4_j_uJ.>«Ji 4 _^^Jl.?JI 4_i-i^Jl^ ^ J 

” * * ^ 

Teratomas ^jjJI ±jj> >Z ' j "t< ^jLa *4_i^lJja ^--a ^ r^ \ 


4_I]^^i_u Ly^^" * j 1 ‘ ■< ^ I ijyA ■ ■■ T 4_uLlo^^-kuJI 4 _l1^iJI 

_ .U^A 4_^ji 'j.‘ lt^! TERA2 f4-<-ulj i_djjij 4jj-uij 

**,‘'j .' ‘^ ^ ^ ‘ ~ R^ttnoic (.ii^jJjj^l '"■ ■ ^ 

4 jM j'^TI 4 j r ,i 11 ^1 J.J 1 A "i TI <LLaL^ 

JLJJuJlJI ^1 A ^ 4_■ ■■ ^ * jj -^-1 4 . M 

Lj^L.^! (jlJ c-a^ “t "fc.Vl IjL^ ^ " Oj" JL ^ |aJj .4 4. “1 1 

1 A^ •>" t «1 t^jl imjVI La *4 j ^ JU^ I 4 j iu I J1 4^1-la^^ n H 

4 -^^*LLij- ' fjyjA L^ljj Ld^Lli^t ^! ( 4 . .i-A > ••*• ^ t 

^^J (_yl£i SjOiJLl t(jLJoj.j_aJI »±JjjL^ IJJ ) , !^ rt A OjSu jjl 

^ SjujLt 

4-^.,i -^n 4jl-^J1j 4 ^1 ij ^11 4.^jjj_:^l 4_Li>JI lLLIjlj La^! JL^ 

^1 La^ .4^LiII ■ a jL^I ^~ ^ loj Ij-^ ^jjjjL-p^j V ([/CiUI (4 jL1LJI 
1 —aLaj ^OC^T-^ j ^ - o^jt ^ ‘'* 4 4 j 1 1 ... 11 Lj^<L.>JI 

jlj.A'imlj ^Ai-^fcAn 4^l^!l ^1 <^ 7 !^ < 5 '^^ t4j}ji'^ll 4 uX.Jl^1 

4ajl^L^ Ljj^^ U. 5 ^ 4aL^ « t _ tl4^^1» tj® iJjLajJ ^jl ^j^J 

Ljj-ul La£^ ijLdJi 4^ij'.-^tl 4^l^^^_iuJl Li^i .^1 j j'r““ Lloj? ^ i^IjJl^I 
4 ^JILa LaLaJ i3JuJ^I ^1 U'^'^ 4>‘'iH L^jJLAJ (j-A 

Pera, M.F. ^ n-JilAjtj^^Vi ^jLi-uj^l (_^ 4 _^jl^1 

A "w I Ja.jl La>" t4jj..ilu 4_u jl-w 4-^LL3j_u Ji^-bA-^t 

*4 j ij i'^i 4.^^J.J^I 1^3'LiiJt t-~as itrt!l irf^A 4 .>-> 1^ -^"ll Ij^>L.^| 

i^jL II 1 jjL£ (^1 j 3-^ L^Lc L^l (JLaj^ • jjjJI p^L^ cjI j 

JlI^i - (jl . ■■" jjji ^ '■ * A 1 ,Jl^l ^J.A-><-l L^jt 4 A,J n 1 (3^ 

L^L>> clui^jl ^yi 4^ aULa . 1 ^ jA \ 1 .^-*. A c-tL i , 1^1 A 


L^ u^ 'j '4_.^i^*i ..v"t!l 1^1£La ^^^3 Ljaj 4_>-jj t".il 

































ftrjilo LiU? ^ LfU3 


4 I ^fS C. 4 I j\pj a,\ac. JLil CjI ~ii ^ 4 flUjJLl «JuA 

L^J tlj J-^ ^ t j j ^ 11 4 * U 4 ^ Lillj ij-^ . 4 l*j V ^ 4 "i i j Uj LT^ J~ > A 

^ Lr^*^W^ JLnIjI 3 I * ^ jl * rtf.Luaj 

Jj 4—£. (Jl^ "■ j IU 030 JJ^okJI JJ o V 

d-^ii Si" I p ^ »" ^ 2 Ljj_ui_Jt 4 ,oIj.l 3 iJ 1 <i j_*L 1 aj_.^H 1 tV -^tl Lo^ . Lj^L^I 

* dl! j Ly^3 * I J_gi ^ ^ <a (1)3^ L^Lui^l i“> i». i. ^ tl ^Ij 

jL^I i^jS 4_ijuJ.3J1 4.^^ JL 3 JI lj^l3iJlj jL_^l 4-ujJ'^11 4_oL^^^.uJ1 


* LojIj t LjaLoJ ■ ■■ ^ jJJI I Luaol ^LuO^lj 

j r<^II Lojlj tj' Lo^i 1.4^ 

i^jji ol < 4 I 4j^_OJt 4.oJu.L^1 4^1^^ lull Lj^iL^Jf 03 ^ <~iii~i till! 
I^L^uo^VLj L^ 1-4^ i4^j.^JI 4^" ■ .1 a 5 ->- U\^ a 

jLdJJ ^ j ’j *■‘^^1 d j<1 .■■It 3^JI (4-^S/I ^ jg j ‘ 3.. 


I I 4 ,) 4 at/^'AA lAjLa\jZLA i 3 >^.,\*iiili 4 ^jA oi SiUii Sjj.VC 


. 3 ^ 1 . 41 ^ (jA Loj i 4 J::^Vl 4 .^,i 1 in ^L u x J ^Vl LuajI l^t 

■ ^j ‘ jJ-dLc 4 _dLjJaL V 1 1 d j^Ia11 ** j *1 U,j--... 11 


LM-kJi (JLo dilj ^ L^iLo .Leukemia inhibitory factor (LIF) 

J-A^ iZj^^ ^ 4 "* (jt L^ ^ j 4 .o^Jlj^1 

S ^ 4Jj^Jlo ol^^oAJ '"' ■ ^ ■ ■■ M 


LyL^ij 4oj^.i3iji 4 -^ll^-oJI Liyt.3iji fj^j t-ii ^.i ^ ijjlla ijji 


L4^ _ L>^ * I ‘j’ Cjl^yL3i>V1 i^jA JuJjlII dJLi^ (j^ ob 

^A-i 4^ljj 3.V jd4 CjL^yL^Vlj oL^ji I Vi II aJJt (jjo ^1 . (jj!l3.LJI (JjJu 

. I JL3» 3^^Si.^l 4i^l^^ ^^^LuJI 4ji4r 


Embryonic Germ Cell Uall 

iPluripotent SjjLiJI 4j (^IjjJI I ^ 

i .Mij (1—33 ..L*!! *^11 4 ^1 Lf I L^jjl^ (^t 

4_4jji^| _ 1 Nj~X iVl j| 4oj>.jl30l 4_U^j3iJl 43^^!^ ^^ 7*^ 

I jJ .^i^JiJJjJljVI jI 4ai3>l JlII 4-ja^l>Jl 4.3jj^l . jl .ijJ 1 4 

tfJ-A dU34 > 4 jI'k 4iLllj tjr^J .«) 4jijj:wj jCjuJ 4 jf Jl:^ >"ij4 mi JL33 



























4 Embryonic stem cell 2ujui^l 5 jr kA^\ I i 11 4 <1 i<^ll 

4,j^ jl>J 1 4 ojL£^ ob iEmbryonal carcinoma cell 


^ 11IIVI 03^ ^1 JULi Ajua 4.jujJL>JI 4jlAiJI 

4_^^j.:^1 Lj^E^I j>l> in aj ^ J I nt 4 1^ ^ ’:r A 4 i 'wl LJLc^ i^]^LjJI 

*oyjL:^l primordial germ cells ^ 5 

4-^^j.^^l .((,j^4-j->.)>j 4 La ^ . .^~ ... L^L^I 

ijl 4^JJ 4 UI 4 . 4 . .. a‘A M L^ ■ L A". t 4jij/'wTl 

■ JaSa 4jl's. C * ^>-4 11 Lb^jic. 


i->JI 4,^1 U^t ^ M 

L^L^I J ^j -4 Jjl jjfc John D. Gearhart ojLaj-i^. 
i I iiVlj ^J.iuaL>JI A i,.iVl ^]yu La LAji,iiur. t 4 j^_ijjJ 4.^^ I 4_:%-wul 4_iJjVI 
J JL4U -.j iTi-lLIi 4_i^l^ C)LTi..t.rt i4i..A dlljij i^MiLtJI 

ijLAU 4j»4^j.^b 4.,jiji^l 4 ,^Jlj^1 L^L^L 4^ J. L^L^ 

4jL>>Vl 4 ^ . .*. ^V .... gj 1_4 Ij^L->JI 4Ju^ J Ji * ^ 3 ""^ 

ji V “ill 4 aI 'i 4 j^i^ Cjb 4 g" Hi 4 Embryoid bodies 

4_^j1 ij^L->> -luJk lU I—(JaIJ j 1 L^L -LH .U^ U-^ jbJL^iU ■» "JI 
^rt. 4 T>" 5jLi^l 4 lnrt '4 jJiilS Progenitor or precursor cells 

4.1^^1 4 j j t .". |>1 . u ~wVl t S ^ IjJ ^ L^ -Lll g.UJLjx 

4 (. 7 ^ "1 •>* I L^l J^j t-. i^jLoL^ ‘~*t "■ 1 r. ■ ■■ .a Lbjjju 

3jji^ Jl£Jj La^ (i^^LlJI 4 t“'l A .LU [ An L^LiLJl 

L^ 4 a" .^11 4 j jji'^J) L^L^l 


4jiji'^i 4.^^j.:^i L^L^l ajjb ^1 .Lj^^ 4 . ..'iVl L^iL^ 

ri]a ^ 4 j;yw Teratocarcinomas 4 _^LLj_u. 5jjLa ^ 

L^'l_^1 LiUIu i- ^ t" -^“i - 4 ^ ^L-tl 4 ajl s 11 ^Jlu_d ^LJI jt_^1 

^a i3j^ 43lj Cx^^l i)g i^LL3^^.j_uJ 1 ^Ljj Lt"^^*1 4-i_uJ^^jl 4 .^Jl>J 1 
.ji—d n fjLt9j_i.uJ1 i^ljL^I ^..‘t V (.7^1 ta-jULiJI 4_i_c.jL^d1 t iM -^il 

c.<-i-u^j 4-j<ji'^tl 4 I L^LjJi 4_%i 4.43-4 aJJh ^La JlJ.^LI]Lj 
































*(^r9*i7n LfU5 ^ LU3 


Ij^ISJLj ^i«L*Jl (jyS L^i-^ Vi ful jj-fl i ^Ay L^j jj 111 jc 

JUJL^O CjL^L^JlI 1 IjJuLOja LtJajI j y *" 

^ ^ 4^lj^l 4 .j1j4^ Jju cIjIjLL3j.j^ JJ6^ Cy^ (jjJ «L3e-LJAjVl 


j—-^^*3 jrfUiil 49^1 rtuMiiH UU^t 

l^L^ j-*L*^"" 4.1>>VI 4.^j-j_iii |»Lui3kVI Li^LVI 

(JjdL^->Ji ji_^i Li^LVi 4 _l^L^ ^Lxial ^1 JL^ .5 a 

L^LVI . Laj-^iC (jjj i^jA ^ ^JI ^ Vi jL^i .hiu 11 ^ jlf*. 

l.xSLbj .4 ^_u.^jlII L^VJLj ■ ■“ c,«Iar .\ Retinoic Qcid ^j.^gir t 

Lg£^ ‘^^' 4 j_£.jl^J 1 4_LiV!t ^A ^Liiuj L^'LVJI ^ 

uj*^ Cy^ ^ ‘■ “U (^1 j'■ '"“ ^ 


L^l i M~iVi 4 j jj \ V1 4.^Jl^I 4j1^H . L^ ^LL^I 

i0 * (_y]l y • • Lg^MV ^ U<*i nj^lc (_^j t'l irnull LajLSj 

jJ t4_^L.tt^l 4 _a^ ^ 4^iVl Lol (L^lVJI 

. )da^ A • i • L^j] 


II >^l 

Li^LV gL-iJ^iVl d. i A ti 4 _aLV1I ^Jj^_3c_!ij liUj^ :^^LjlI1 f^3 - 

Lg^ jI ^JUJLm^ 4^^'La^J jjijH 


gLcj 4_^iVJl ^jl. 
Li^ 


*i I *1*1 


iV tLd L^L^jl cjI ij V 

dj^ jj 1^1 ^ _ij_L^I (_^LtiJl ijji J^ljJLl (_yi Ijljw 1^ ^ In’t 

Preimplantation ^jJ\ cHb>^* g^j V ■» ‘dl (_y-g—-u 

^>0 jl 4 _Pj-UI fj^ 5j.->.1j 5 j-^p rij 'w ,genetic diagnosis- PGD 

^IjjJl ^jX. t II 11J. --x g*CiJ.l gAX^I ;^l (4^jjVl 


4JL>. • gJ^Vl ^]ya jLJxt 4_mj)nii V a 5j^jx^ g>^ 

4_4_jJ_i_ujt i.. «!i t ^J.^SeJ 4_o^u^sJI 4-^lVJI g^ ^ l-^ ^.5^J 

igi-l^Jl (j^ 5j->.lj) ^ tg^ i VI (Ji-l-i 4 _j1V1 

4JL>.jl -Sig-ll g\J^I 4 gji 11 dl ^ ^ g jn-1 . 5 ^ ■.I iH Li^^^dl ^i>a p ‘ “^ * *^ 

.LMVI 


















\jf 


V *~^fal4j Ljua_l1 ’ JLiJL TK 
- ^ “ j-Ti^ 1 1 j ^ ^ liuJL^ t A .^.**iC A jLi“-wV 

(jjs JljI^ cdLub L)~^ ^^jJI 4-i-ulj^ - 

4 j i^L^ <31 4 j“i 7r \ Jul^Ja iJJLLA il>^ *4 jij i'^ll 4-^^j.j^l 4 jI^TLj 1 j" ^jjua 

Genetic >Ji ~i mil — uJsj-jlj ^ ^ ^ 

^ lijjjjll ^J~i -> ■■>‘t tl L^j (jj-^ 4 j r timprints 

(jl L-«|j 4 V I II I ^jl La^ i"i 0 J j^ j 11 

^j^JL i^^jJI Ij^ 4 J >**1J -Tr\ 1 <0‘ .^Vl 4 V I u‘i iJ 4 t~ 

. Ia^-J J) a ill ^ ^1 ^ I iiU I ^ tOLu ^11 JJLaJI <Lijl4 4-^j) a 

4_l-ajjj.j^l 4 jl-^ll Lj^t.SJI a 1 .^ti /"«! ^11 

JV ^ lJI ‘^1 llli .^^jJl IjLA 1 jj ' ^ * 1 > ^ ‘ ^ j i ^ ^ 11 

^UJl ^,u"m MHi^a Nicls Gcijsen 

i»jlc. j/o ^j^IaJJiJ Surani, M.A. a tor’ll cjIjV^Lj 

^1 ~ 4j..t^L^ LaLj^^-^ 

Li^i^>Jl - 4ai^l ^Li_u^l (J-aJj ^1 * -*'1^ ^jLtJl Li^'L^l 

^1 jA^ 03-^ aI . ..3 il liJJj 1^/ojJl JLodJ 4^LL3^p-uJl 

4.^-a^^)_:^l I- 4 J J ~" ^ jl^ •! * J jl mil 

Q^aJU ^jJl I ^ 4 4 i a J^ll 4-^ljJ ^ L>^J t4 i'^Il 

^ajJI 4_ljmoL>> I—il —lc Luajt , I I ^ 1 :4.^e_a^^1 3jLc.l 4 ■!a i^ijj ^ _ 

L^ jLxJ ^^ 7^1 4 j A 11 4.^ljJ 4 4 t !i 4 -J-L 9 JI ^^Iji^l 

jAa ^Lni'w'^l oLiax JijJl:>J 4^1 Reprogramming iL:«j-Jl 4 jla^ 

(1^1^ i^jji 4^^Aj» 4 ' '■ ^_^1 4JJLj ^>.V III "K 4 jl-^ ^Ijj (J-^ 

t ^ ^1 ■ jj j "» j t 1 I^jja JlJ JL-t-11 4-^Vl ‘“*1 ^ a“ ^1 i ^ J A cijJ—%J 

^Jajsj CjIAj-scAJ 4-fcM^AfeJLI Cjl-a^t^l j^«_a ^\ t . A 4^LaA^ )^_^-Li->JI 




jjLaAj 1^1* 3 4 ^^1 i4^lj J^aju jj '^Tl 

w "^3 ^3 -.'^' Gorge Daley (j^JG jjAijJl Jj-Sj La-^j . j^j^a-L-ajtJijj 
-tl i ■ ■»■ 1 _ La LLuIu lLILIa L)I 4jlaLsu ^ .Utl «Ll1£^ f'J 



























j*«Ta 1. 114 IjL13 

^ * ■ ..^\\ Bjlo^jJI ^Jt - Ai£. 

CjtjjL_^l Sjj » ~ a A j \ 1 ^ ^^ sfcj Jol—a_j ic. 5jJ dll 

(^1 4i5L^l tfLzif ijLji jiiLlj ^ji ojj t>a iPluripotent 

^ cut ^ .’:. A 111 4X>.^ «.L-tjl i(j’tJ.>Jl Li^Lj>> i^yi ^ l3^ 

- - " • ~ ^ “ 

<L ^L-Lj] 1 i^ ~i! tLijl f j •kII djLjft lIh^ ^^jJI t rtj ^ 1 f<\ ic 

jl tj-j-i:^! (Jj-i (^j 4_:^L>JI (>^J ^J-‘-**d3 ^ ‘" cy^ ^ ^ j ^ ^ 'w 

.^r.. ..11 cIjJl.scj {^jJI <". ^ .^W Iju^ ^1 jJ^ ' ^'**13 

L4^ *4^ III n t ttU diUllj^j >|H Jji \ I^ijl JuJUlII jj^Iq i j h ii 

. Ij^ 1 a il^La 4julll ^ 

4 jJ^iJl Jul j ^1 ^4jbl ^_yjA aj >>1j _«JI ^ - 

jjVl \ 111 "u S iiJi i_y-^ t4 J M I'^ll 4 J 

.^J,ia.<,ll 4_tiaj^j (^^l4 4,j,ui^tl 4jl‘^i 

^Llta.i.i.tf 1 4 jI 4,^^j^- 4^I Ljjl^l(i(Iij 4 ,ju3iIj^ H^IIS ScholCF ^^SL*.w ^jLi^ 

;jl ijL^ 4_jJ.jJj^1 1-^11 i^A 4 (j1 

K. EggUn o^-^! IV rt IjJ ^ a j •3<iJ L^Luaj^] 

'nI 4-Lja (^jJI c":^ I Ti <mU t !i jjLJsjljft 4—^ a\ »> Kitdi Kjm 

^^\ lEmbryoid bodies 4^V( (^1 L^LiJl 

<* j j^l 1II y-^\ ^Lnj LdL^j iU^'L^I ^^-4^ L^I^Ij i^^j>*j 

^ 1 ■ n l < ^ ^j4_i jJjsI^x. 4J9LLidl t^^Lurl V ^^1 T SjJL <"■ ■ r. ...i,l 4.1^Vl 

4j^J 4j III i^w L^Li. ^1 4-^jjj-:^l Ij5^->J1 (Jj^ ^"i! 

I 4 ij 'W 4 j7 JL^ ^7-jIj.^^ (JjL^IjJ ■ j 1 * ll 

ij “! 

4-^1^ t"■ '*■“ i (J~^ ^ ^U OJL^ .tl 4.) 

^1^1^1 ■ ^ nj' ’ ■■ 4 -l<^ jtt^ 

L^L^I j4 (JljJLsej UL Iri4^t4 > :4jii''>ll t < ii — 

uIjIj^VI 4_^^^jl.4 i^jja 11 u 4.^ijjj>Jl Lj^iL^I 4_L4ljJLj9 i4^iiiif'>Ji 

u-ufcli'j ‘ ^ ^^ ^_^Li!lJl t-ZiLcl-i-uJi d^l jJl 

L^l 1 ml 4-a^ ■ 4J J S\-^Tt t *J} ^ H JJ u ^1 i^jJj ^1 ^ ll 4 jl'^li 

. Jbu La ~ Liiajl - 
































2 ^ 21^ ^ ^ rt.iaillll 4 mC‘iI^I 4^1 

jk3 jj <L^till ■ “ ■“ ■ L>^ ^ 1^ 3jljL^I (J-^ 

1 ^3 1^ -^j A.nnd IC^tcrin^ LjI Liit^^.£Ls IjlSLa . 


sjLj 1^ jOIj frl I tr^V! 4 1 I ‘Cl I^IjjJt p ■ » ^ 


Cjj-^ ^jl JlJlj VI p-J J tjl i. 1 j-x plij iLiJj^Jj-Uj i j t ajJ ^ 

^ 4_i_Li_i_>Jl 4 j1 '■fc. 11 t t .*^tl 4_^^jVI 4-i.u.^^Lll 4_L>>^^.^ 

(jj iJL-ul^JLj 4 jl-^ C>^ '*■ »~ 1^1 JL^ dJujL^ V 

4 . 4 j < j < ^ t i 4 -j-^Jl.^I ^ ■** 4 ^ “ 11 ^jjt Uj^L^ IjI 

f^ya 4 . A 4.jU 3J^ ^ *4^ lJlt3Lj L7^ (Jj-i^^Jl 

^ i>>Tl JlL^I V ^ 4 _il11j \ ■ ■< > 4 jl-^ (If i ■*''J 1— 

(Jlj L-a 4 LM ^jl pal < n ^j_A (MILa 

l^j^IoaJI ^^loJl . IjL'y 4 _ J-aJJ jI A-JooJij^ (J^I^jC. (J 4 irj 

14 , ag-4 Ij^ t ■ j 4a.d3uuaJ«i jiJll 4 Jl)L^I ^JLioo^I 3l_^ail (jl^ i4jl)^ 

ASl^..aj^ jLxTL^ tljLo^ 3^ik,i.li 4t^ ^Utl tJujLj 
j.i i" (34^ .V t 4 CxjL£ 1 4 ” ^ 4a 4 i aI^UI 4 ^ cIjLla.apJI 

i ti j! i»L^.4-<iJI j^oaeJtJI 4 ^i-^li ^ 4,<i ILS 4^)4 r (^JLA^-io; 

i 4 A ^ tl-> A 4 t~. . ..j ‘4 j li .^**1 -A 3^^0010^ I Uk 3 4 


4 J t J i _I^J . p ^Jt 1 JlA^ _ iCjljJi_^1 3 4 L~..„ 

J> ^J t-k" . ■■» ^ ] tTotipotent LJlflj L^ oIjjlAJI 4_^ 

(3^ ^ ‘J lokJu^ V LLa lat (jl JL^ . (^L-lo^ Lr^ ^ j ' ^ 

3 4 OaL^ ^Ij (ijLjjL .90 4 ji jI-w 4 j f. j iwj t4 j r,.lL-:^ LafeJo^ 

u_3j^_ M-j L_4 j) ^ Lajij^ LLa _ 3 iPluripotent a 11 

ig^ri'y ^j^ jaV Lui jl^ ^Therapeutic cloning ^_^M__«JI .^r, ...VL 

4 4^4 i^Lscal VjJ L^Local ^ laLd t4Jabl f_^l 

jLi^iialj . 1 ^ 4AJ Rudolph Jaenisch U:> pLi ^Liil 

V1 LooviC"lt ^ .." j . ..^-lLj 1—ui 1-4 ^ ^ LoJ I 4 J I t-> 11 Lou VLJ 

.( A JSL^Ul jJ^l) 


.Somatic nuclear transfer embryonic stem cell (NT ES cell) (*) 










































j*i*i«* UQ? LjQ? 



4 _11-^ 31^ 4 f ‘kII 4 J t^tl 4-3jjj0 '('^) J^ ''‘^* 


,^Lo 4 j 5 I) U"^ 4j jLb _ ^ 

jLoJt ^j-a ^4 li^ i^V~i o^ 4-iJLj X 1 u"^ _ T 

^ya 5 t t. ..^!l Li^L^I 4jjj| _ X 



















4 i .a ^ ‘ ^ 3 ~* JUu 5 _ 0 

.h\^\ ^ ^JUoJ^I 4jl^tl 5l^ JLi-^! - ^ 

. LiU. jjjl (^j Ja-ili ^JLcu:^! 4-iLiJl 5l_^ - V 

i' ^L-uliVl J-colj3 ^j_L*L^I LiliJI 5l^ _ A 

UljJ-£ (_^Vl ^j£UI jL*j ijt Lol _ ^ • 

\ L^-Lq LttLa-i 

I tlJlj La t il i^U jLilj 4i^LUjo 5 5 n- ‘t-^ Ls^Li. . ) ) 

.4 lL j I -sI I 4^0^! jLoll ^ L>^j-UJ jjtxAll tlr^l - ' ^ 

't^'ji t>4 Uj 1-4 Ja£. ^m;:w LiLi. - 

IjLia ^ _,U t“ i T chimeras 4-^ljjJl Laj - ) i 

, ^ 0 ^1 l-^-tl t-x A 1 t\... 

(jJj ur^i *^-*4^3 -^3 ^-*-*i* 4_^1 j>JI L>L^1 _ ^ C> 


ill L>UJI (j-4 oyxA 

jLiJI jpjJU 4 ^ju3L>JIj 4 a jL it T l 4 >*U L^LiJt J ...’, ^ ) 1 

• L*^L4.C a. 14."..." 

4_5jj-ij 0^ {^) 4LU-_^ j 

,»jJl LMi. Jirvt * Lymphocyte 4^ 4^ 5ly» 

L^L_iJl 4_ijjlJj tj^ I Ii j L4-4*(^IjijJI I ^ 4 4 LI0 CjL_i_jj 1 n i^-^3 »^Luixj-_Jl 

4x.j>l4 duLA^l ^ 51^1 aJJt ^ a 4.... r....M 4-^ju^l 

^! a:u-iJ Lij^ 4_^LiJl ^^1 

4 jl ji'^1 1 4 jf a -^1 1 L^LiJl > ■ 4-iii.ljLil ij^ijJt dl"C! l i-^ (4-wjjVl 

Nuclear transfer^^^jUl jaUL 4 \ ^n 5 y\ 

5 j_4 j^T ^\ ILud\_^^ ‘embryonic stem cell (NT ES) 

j1 jl ^j-c c*^ ^L*-uJi_i.yVLj L-4 jI 

J^Vl^ i:xJ jMloVi ^^ J^ 

^>x 4j r .. J~ i . . .LI ^jjVl 4. »j<It l ^j^ liCJi^l L^LkJl 

t^' cjl^^jiaiL J^LsOI ^ i... r.... VI jIjAj 4 51. 



















U115 ^ LU5 


• j' 4 d i T u tjjj jjjs J-^ l)^ cjr^J l)^ £_^l-i^l 

LjLj (JiiJLj 4 j r , li '^tl 4 ji^Tl ;jj-S[j V I jU* : (J 1 < nj ^AjLj-u (Jjfcij 

j^l-> . .,}\ l1jc.L>- 03^ ^L>-^1 4 jLx. L&JajI 4-A^iIu.d 

^Ljjl i&jj JuLJ Lja^ jjLo^lj-lj j^^-l^_>Jl j j 11 d . ...\ ^1 id S 4 . ..Tl 

Jljj^_>»j ^.LLa^Vl tjL_^ j —>.T .4jLj^J(aJl ^jy I j 'iTI j_y^LljJl 4_L>.j 

LiJaji ^ 'J J^J oLA^^-.«nij t^jL.>tj ^ jt i^Llx^JI 

J±yu L>Uk!l d > Cr^ cr^l t>oj iJLH^' Lr^! '^4^ 

^Li J-CJ J ^ 4 I Ld-Jj t d r.l tJajj ^^lj_j (^^jJl (Jj^l LLa-jiJl SjlaI uj 

djjjL^ ^ ■.. t ^L-d—iJIj . >l 4- “ .^^1 (jj jj 

djub L^j L^I . Ij^L^ i a ^ IjlSL&j 

dJLt JudJ ( t J_iJ ^LL^3i>^U ^ lJlIJiJiJ ( JULJ lIJ IJ._iJl1! I 

4_jJLijL>JI lj^-:^i jj,Jcd ^jC. ljL^.Ju 4.j.xjJ^JI 4 _i^Jl^%JI Ll^L-^l 
L^ld fJ£j *(J-4-AJ (j 1 (J^ tOl ij L^ ^3 ^ 

(jLSi^ (jj 1 ^ J 11 J Vj CjI n ^ q-a 4^LoI Ld ^_yis fcijjLJtJ tjl 

Vj ^jAjl^I l^„ij;Ti,.t, l OLIoJ^L^ t l^.i^.d jl I t j! l.,d,.jL.J) 1^1 

CjJlxI ^ . 3 ^ 3 :k j^yk. Ldj tUai^ (_ 3 k L*-3 

iS33^^ 3^-^^ j 4_i^JL>Jl Lt^’L.^I dJLA 

■" ^ j 

4_^_lj_iIL ^Lt-u-zk-Vl S 3 a ^ A 3 ^ 1 ^-*-) -n " ^1 

<:^jj ^jLoJI 4 i^ 4 L j5 4 ^k^ IjM:x *Embryoid bodies 4 k^Vl 
i^\ Hematopoitic stem cells ^jlS ^^SLo 5 . i^.Y LilJj jlju 

. Lr^ i^jdl - <i ^^ S\ ^1 L^ L^-kd-d^o jJ^ --j 

Autologus stem cell 5 .i-LU . ^1 jJI ^MjJI /\ b^Ut^ 

jJSLiiiJI 3 _d ^ 1 SjkaJi ^ ^ ^ koi .( 3 j> 1 o therapy 

^Ljj| St (kJjjj I ^ 1 V. ■ ^1 d J d Aa.i -a 4jjl ■» d _ 3^L.uJI 

CjJL>. f d^ .^l a" a 4^J^4.J%^ j ^ ' ■■ 

4_^J_^4_>JL 1 lli J/A_L>JI ■ “" 4_LldJ i . .■! - 1 s 4 ■ ■■ j"i i .. a (^1 


.Tetraploid embryo complementation assay 4_a-*kiil 4 j 4_^ij>JI 
Ofb^ * chimeras .Ujl^ 4. . 4. A 4_jLaj^ 4 J f I 4 jl-Snll 


■‘ J^^ J> J- 


























d ' i . t-aj-jij La cUJI Tetraploid embryo 

u_a^L_j>-VLj La jf ^ AA 4 ^ j t tHomogenous 
cjLl^ 4_l^jl.^>JI 4.^L^I a.. 1 LV tHeterogenous 

t">l ~Tl ^ A^Lua cHiLLl^ (^jJ-> Lo^ 1 LaLoj L^ 4_2_iLL>a 

^LLJl 1 jufc (jf i a^ . ^L^T SL^ i»_a^j_i_u (j^Lll a^Ij^I 

L^LiJl tTrophoblast ^jJiJLI a^jj^I L^Lu ^a~li 

t^-ljuiJL JLaJ A_i_u_j£LU A-jjkjL^I a a Ilr>U 

(_yjaLijJl ij 'w 5^*\ 1 U Ai:>^j_Lt aJLjfc ^ i^ V “■‘ij j-jl a ~m JjI ^ 

LiJajI ;2f^_i_>JI jL^a-i p Hi l.i_A ^1 1 tA g ^i"ill il ij 1-^11 

LM^l ^jl jl *primitive endoderm lineages ^Ij^l L>L-itj 

i^jJI iAU^ (.-Aj-t-uil ^*-^3 (jja aJL^ ^ AoiLJL^I 

.CjljJb^l 3j^lj (cliljJL^I fXLa\£ A^Jl:^! A^LiJl 

^1 I ^1 j^_ju aJk^lj A_^l Ai, A—LL ^j,Lil-A.u„i IJljj 

^j-a ^^LlILj t"4la “w Jk4j AJI jLuj Jjju ^aj tAjiji:^ A_j£,JL:v LM-^ 

tLAdl 

^1 (j*G.j>-LJI ‘Lii A tijut Ai j • AS t .1 V L^L^I ^ j c)l~^ 

f^lc. t^ju/LiJi ^jA" aLItcjj ^ La Ij^juuSL I^ ij 

i^jji A_jJI LaJ ^<k A, V a" (jl ^a^Laj^-w Lr^3 tA-jr Aj^ i» 111 

<"iaa'it La jaJuj V J-La ^j_a jJaaJIj i II aLoIjI (JLo 

. IjL:^ e.4j^ ic^uj^ a^^^LI Ijl^ (jlj (jLaidi , \ Iju^ t. I^(jLa ^j-a 
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« «* * 


* «» 


^ . jl—4_jJi (jJbo 

4_j_u-L^l 4 ^ t.Jl-^I Lj^A-stU LjJjI tji^ j ^i~ “^U 
LJ JljV ijl-^ i^^iLftTi ■ U<1 4 ^ Iu5 n ^1 jL^ 
^^jja A ^ ^^ 4 f j t a 

Feeder 4jjLji_iJl jualjj 4 S tU L^'L.^I 

L^-ca! 4-x^Li. Ij>Lx .cells layer 

jlau d_x« A" 1,1 A l!!^xx.**u >j^ X^a 11 LyL^ 

Irradiated Mouse Embryonic Fibroblast Cells 
^jJI .u. j I"~ ^J^Lc. (MEFs) 

Jf ■»,) j_Aj Leukemia Inhibitory factor (LIF) ji 

(ji u_5-^ 1*1-■ “ ^ j^ ^^ ^ -^ti i 

. ^ ^1 ^LoTu 

4_j_c,j_1 tV -^n ^ 1 ^ t ijjtjt ijL-^ llUjJ 

^^1 j. j.^ j'***^^ 

jL^ljJ 4_2 _lL 3 * * **« V| ^ Lo-d >5 “i A 

1 ^ .fj-jl,l tli 

i “. . Tj ,A A A J iT , 4 ^tl L)^,.*^! 






n j LaiiJ I 


























^ ^ ^^^^^Suspcnsion ^ul^yj-^ 

ij-j^ L>^ ^ d"'.' * "^ ^ 2-^""^ c_bj_*_u *4 jj-_>JLj 4 j m I '^1 

_ 4j^l>iJI 5j-4J . 4 1 ^ Vi 4 L^Li. J^JU ^U^*i ^ajjidi 

- - - 'J _✓ 

tL^J (Jm j A L>^ L^-ueiiL>. <“ijl^'%- (_y^l - Ij^'LiJI (_y]a 

Ljo ^jjt_jj Li^Li^ ^cjfcl ^ L^-jJjl^^ tLlF L^ 4 _SjI_*_uJ1 4.1j_iJI ^ 

^Jtj .5 . ^ ^ " A ^1 liT^J jlj-4yul ^Oi 

. 4jjiaJl oLal ."ri^VI [2^ Jju jJl 

I UMUl IH 4 «^' 

lj^L>Ji - J I “ ^ U _ (Jj_t^_3>Jl I \ XJ ^ 

cjI^ 4_i^1_^ lIjI I tr^hdl ^jLtL^i 1 ^ < t ^^J—a^ ‘O'^^-OJLl 

(iilijj i^\ A " (j1 (j-« 4> U s 4 HI tf.i^L L 4 J ^ 4 < »J Lo-« Cr^ljLdC 

.Fetal calf serum Js^\ cjys^ LIF 

4 « 

<LL:kVI 4-^Li^ ^Lul^VLj ^ ^laiiJ ffJJt imJi.DKZ i ii~ ^ 

jj^yLJ^ I c>^ t4_j.iiJ1 4 jujjw ^L-ujjiwVl ^1 (Enibryoid bodjg^ 

d U Ij^<L.^I djub ^iii.itrfTxTi ^eJa.iaj Jo^j 

. jAj^ tdJju^ iriiull ^ Oj^ 

I ^ 4_i:^Vl 4 I j“i ^1 m >V' ^ 

^ L^! ^Lloj ^ Monolayer culture 4 a lUll jl^j ^-. .r. ■-_i^ 

. L^L^Jl 5j^l—Lii-d (jji^- J-4—jfcj Lajjju .d ij • flCrrowth factors 

'*- * t4_L>>^l 4_^-j_j_Cu ^a.1 ... -%-VI j ^1 4_^1 JL->- l4_d^ 

Vja£ .^OA , t A2\\ i"iV dj ..^ *11 Lj^iE^I ^ 

4^::wjj 4jl4C. Ij»*ij^j ljJ-5 tjdill 5^d-><U jl^l jt J-dljdJl 

. Li^LaJI d g i V 4^^^| 

4_i_c.jlj>JI Li^t_^l ^Loj^ ^.d^J Aj A ^Lu& ^1 ^ 'n ^^ 

t^Ld-^jJl Jj-d _ ^jlxJl (Jlj_:vVl _ -t-t ^d I—^LTi t4 i^ a 

i t 4 4 j1 LT-^i i4 j i _ i <-^1 1 

3^J.^ <Lj.4-A1 CjI j ^l 4 "dij j) dill 5^ a tt d jfj-d j&L^I Llj| 




























^iniii*a7n 

^ ^ iU.ti^^ j^vi^i* i .t. :"^"tt i_**^ ^ ^ •* J'**j ^ * 

. I cjl^"n"ud jl^i jj^^Rctinoic Hcid Liljj_ujj^1 

Epidermal growth factor ojVl ^ J-aL^. -T 
Bone Morphogenic protein 4 ( BMP4 ) ^USudl j^L>JI t Cjy±)^\ - ^ 
Basic Fibroblast growth factor (bFGF) - i 

^ ^ ^ Ju^Vt ^ j 4*it * 

Activin -A \ tj;yi-u^l _ ) 
Transforming growth factor - beta I (TGF-B1) ^ ^ 

rt UhUM it)*^1.4 TJ5J iu‘>* 

2u3j ^ tilk^j ^ ji 

Hepatocyle growth factor ( HGF ) ^^^juSUl J-oLc. 

Nerve growth factor ( NGF) J^Lc. - T 

(^1 - 5jl>. (J^ _ ^L^lU 5j-i>JLi 4-^L4iil (J.«l jaJI ^Lu»J jut 

b!vUJl Cj«L^ LAjjJU dUO^^\ ^ S ^ ‘ ...ySj\ d A "i .". il L>LiJI 

) ) ^1 L^L^I fiJJb 3^L4J 4^ Tu 11 Col^ t4 4^ 

oLd-iioJl 4i!L4^ .5 . t I Li^'L^I 

Human Aj^ i^!i aJl^VI ^ ^ j,* '"* ^E-u->V1 t^a" ul~^ 

l^Lfll: L>UJ1 ^ Embryoid body-derived cells 

SjjjSLII (Jjal^£. jjft'il! j.^Tr A 4_flLuo] tji .ByJaL^ JjqI^C. ^jJa 

Cr^ -3* Jl:>- 1^ (Jj_i-a_>JI 1^ if tA^U: Sj^jdl^ 

1 < A, L^ll 4 ^1 ‘0^1 *3 ^ ^^ i5 L^L^I 

/ ^ Ajja 1 L^LiJl JJlsu AoliJl yjLw 4a^^ 

^ 'V 4J_>>VI • “• ^El-u^V) Qji A_dj.Ju4l E^E^I tfJLiLa 

E^E-idl 4—I 4.^ Lj^L_>J1 (^_yA jL^ol ^_ 3 -lt Activin-A ^ “H 

4 ^1 «tl L^E-^Lj (‘J'^ iMuscle cells ^ _■!.>. •!! 


















I I 


4 1^ 


e_dLiJaJLI I (ji Lo^ lEnol^isc «j^^Jjl)> j^j 

«4 4^^ I Ml ^\ I f^A 4^“. V cilij ^1 

^CT^^J Neurons • ti L-j^Ju 4 ^ j . r., ^1 j-jt 4 v< 

.^jLaJI 4 j ■ ■ ^* 11 jj^ vil 


, ^ UUrf jrfUJI igl\ M>JI LMftJI ^ 

^ Ly^3 ‘4j*-^tl 4 1 tl ^LmjVi jt j^~~ 4^i^LjJl 

;^^LJfcJ <“■ 4 ■ ..t I (_JjLJ>- ‘j 4~ J 4 ^*^1 4 l-fc > ^ tl ^ " tl 

^ A Lo ^^4^4 . Ll^'L.SfcJJ 4 y<t 1 ^1 ^ 

^1 ^l^lj . J-t-AJlj 3^1 d 3^1 ^"a ^Iju^ 

i 5^Litull 1 4j'n<>i!i 4 i C, i ^jj -vLjJI 

jL^VI ^Lftjj l^U'^t t-ujjLm fljjlSLa^l» jLli-l 

lj^l.^1 ^jjLlitJ 4-3 j^^ ^jC. iJU3«-JI ^1 I ju^ 

Undifferentiated Esi-t^a-uaJfciLI ^ 4jU;^U <^j^\ 


4,jju.I.:^i.!I 4-i.^. jlj>J \ Ij^U^I ^jA j-^-A^-\ 1 p .■*.!I ^j>\j (Tells 

Ij>UJI j ^ ■*" * 4 I 4 3^1^ LiJljjl CLuL^ . 3^ 1.4-^.1 ij 

L 4 (.i.Uj^ ‘ ^ J ^ (1>^ J i -^*111 4 J ij tl 4.jf. b.L^^I 

J 

protein Green Lii-^1 j ^ lin U^hih u • Reporter gene ^ 1 VU 

Rexl(^A4aj t>a VI 4la£. ^*wj V c;^' Ijukj . ifluorescence 


lLUI) Jjlj ^4!jj .^LoIj (jJJ tln34 |4iii3n Ij^’L3>JI (J>Ij 4.1^ 

lj^L.3d1 A i ^L-lJU C7~^J *^VI liUj 4 _^1 

Li^t.^dl ^ ^ ‘ 4 ^ • A 4 11 11 J 4 4^^ >.Lg»JI 

Fluorescence activated cells sorter FACS Ja^lH.! <..3.rt>Ulj 

Li^U_^^J1 4 J 4 A ^ r* ■wl 1 n 4_aLLoVLi 

(^_yS 4 I »3‘i p^_^_i!lJl (JjLd i iJ-ijI 1^-C.lln~t<»l 4"r\l 4.jdLuj^l 4 j-C.Jl:^1 

(_y^ Human Embryonic germ cells ^ *'n i II 4 j;j;-^ll 4_yj^j^l L>L^I 

I LiUj Lo-^ 4 Ij^iijJI ^lj-)t (_^J ^1 4"<ll 



















UU 3 v^ii LUiJI 


^ J*'J ^' <l.^JL.>Jl d .1^11 a j4_J-4-^ ^ i_4jL^ (JJLLa Uwtl 

^3^1 ~J c^L^l IjlA i4_ua-*-(aitji 1 jj-4 ^jj (_3J1 

(j1 Ijj^j 3 L^L^I 3^^-iii£L]l a j3^iCj 

ol ^ I Iil^ L^j jjU'iii 4 _L>-j»j0 ^ 4. 

L^j-JLJ ' ^L 7 ^^ a all^ L ^ jl ^c^Vl a tj, q \ ^c-L^-i-uJI 33~^ JLh-P 

LjjJl ,3^ t rtin^li (3£>^ il>^ 1 t4-A>J] ^LoIsVIj I J-ft . 4-4^1 

^j-4 4 I 3 -J-J 0 (^1 11 ^ 4_iL>Jl (_,-l£. mRNA J_5_i_ujJI 

^ ijj^ JjQ-iJl 



— • • • • m *5^ *• • 

ajjtli^ ^jfc cjLu _^1 r.c ./-> JiU 31 .Genetic imprinting 

CIjI Ij '^1 ^jj J-*—'^J i J .4 n t a cIjLu^ (J.4 *3 ((4j^^ 

lUj 1^1 Jjk JJjtJ ^LlILj fjja ^1 cjVI jj-a 3Jk J-Aj t4-ilJaxLl 

^LoJ jl LjjJI 4i.j,xa HI~ 4^i.%dC. ■ LoiiLo ^\ 

Ja-c ^jhn jIdLu jLjjL-jt_ULj iDNA Methylation UjJI ^1 (^^LiA-JLl 

J-al^-C. ^JU3 i JJL>dl L^ilSLa 4_cj-a_:*^ cfliual i 

^j 4-3e_j-x_i^l L^J^La) liJl 111 aVi ^jU~ ..." V ^ i n’lli 

^alaj 4jlaf VI (^^Jb La LjjJI 41 j\a ^ ^ ij-a£' *—^alu (^1 ^c-uiJjl lJl0j 

4 gltU CjI i^^ll ^JLAj .^aVl <-7 jVI ^jA L^] Cjuj^ JlB ^ 'j * ^ CjLIj-ik 

Lub^ «-Ljli J JjfcJ ^a-^tj- ~.vCL. j.^£. 4.^j^Jaj *'> jl 

4l^j L^ J-4J (_ 7 ^l 4^ a all 4-i:vjJLl , V a ‘i a" ljVI 

^1 a^-^ 33 ai a“ia tL^_wi^ 4^i^1 4JL>> I i4Jj^.^l ,_^Lil]1 

’ " - ^ “ 

i^jAj . 4 jl-^U ^jLiaj 4 j a mf L-a LaJajlj * j ■» ni Ijl^j ijj-uSul!! 

i4^^Vl a j...'-^tl Li^LiKJl Jl>>^ V ljub u 1 jLu->iJ 1 a^1 a a ^11 CjU^i^V-LI 
Lunjl .^j[^-a-Ll ^j-aj ^ ^a j 4 Jl 1£. JJ) 4j£J 

jLil La^ i4^jJtJI 4x.1jj (3^ Ii i4_aLI^j a U ^ * i3^-^ ^ >^'‘>■^1 ^ajJI 

4_tf 11 4.jI^JI 4^1j 3 ^ a ... A\ i"'l Aj .“t." a if i 1 

4^ ^1 - r . un i. II 4 3^^ (J'^LiJ j1 t aM ~-^l ^l^lj 'j- r.-^tl 4_xijJj>Jl 

^jjl ^jb 'a j* ^ iUi!l ^o^^l 4-1^ i^j£. _ 4^^^1 a 1 ) li-^tl 4-iX. Jl:>J 1 a il'^tl 


■‘ J^^ J> 


























ti I I (ji II Ijla ^ I.XA *"^^3 

(^jjlj -j ■ “ 1 1 5 .;.l^ l 4-^JU^l 4 jL^ti (—3^ " ^I 

1^11 ..1 \ 4_lL^1jJI 4j^ 1.»J1 4ij£kJl 4 ^.‘lj-( 

jL^JI (_y^] ''*' ^ ^ * ^ t(Jj5e_JLll 4 j t*! 11 ■ ■“ ^ (_^ 1 iil (jluaJl 4-1^ I 

udJj . t-..:" ...t^ l ^ 5 ■> ■ .LJ I 4jLj3Swa c i).i~i^"> jjlIaJLj jJij 

^Uj 4 ji^ r J-J-ij (<u J . U! l L3^ (jf^! 

^j_*-Ll ji O!!^ C?^! 

(^/UatU 5a.Sj.l.l 5jl4«tl j_j... 5 i< 4^j^ *M*^n 4 jU J t , ; 5 -uj>J1 

4..ij^,LJL "i 11 ^j LiijiJl 4_^jj 4_^j->-A L-uajI UjLj-ajj 

I j ft A I 1.1,4 K 4lj JL^j 4.j- t ^j.l a .!l 

. 4.^j_i_l.>JI A j 11 d tl 111 Lj 

4 I^ in ->*tl L^LiJI ^ ;^i ul"^ f ^ 

^ ^ ^ jLi2-i-4^3Ll Lil^^l t . ti i11 4 jfj i11 4 jf . mL j^I 1 4 jl^l l 

<i-iiil jj^ ^ Aj^^VLjlII CjI^ jilr>"iTI 

4.illiJ^i I^Lj ij£.4a]jJI »1 oitII I*JLflsTLfciil > rtj^ 

. Sj 
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i^A c 3 ^ t>® 


UX. CUJt 

L aI 4_i_^jLj>«i1 ^ 

^jyjs ' ^ ^ i ^ i i .■ I f L_A^ ' “ f 


t_^jjl t-a.,U^ll cdJj if^y^Jj—a ^ 

t<.A^JL>Z ^1 i J )| til cl) l.^.^iiJl-<,«i,^ fj$ 

* 

' -L-^H oLai^ <1^1 A t^tl ciUj 

1^^ '*■'^ dt.i ^ j^]\j 

i«^Jubj gl a .^oJl—aJl 

c^IjlC.j 3ljLk^ * 11 j^la i \-a^ i^Vlj -i wiL> 

ft I i lc.^i ^^ J^ g tuj 

(jja (JAi^ *Jij-_dj Vj (jr^l_j—^JLI f.\j _n rtllj 


<Si 




^ i*t I jj t^j^LlJI 4 ^ 


iglnl-> I^VI * *i ij 

cIjI^L.^ 4_tin® o^L-^ 

^l_aJ1 cIjIj^I i^~ *^1 j 1 ^ L*<—*-f 

L^l c^L^ 1 ^^LaJl ^ ''^J) 

I t4jLua^lj ■ 11 n'^M L7^ ^ ^ tf ij^*^ 


n 1 1 I ^ I " 




















^ ^ I I i JL^- d 1^ /.. t I ^j^iJ t—^■ ■ I 

(Jj^ ^^ = U^^^ (j -<^^ ^ ^ii\^_ tZi j ■*! ^ ‘ (j-^ ^ LH ■ 

I jLAiX -^t ,lj ^ ij L-oJj-C. La 1 i I ~ L 7 ^^ «Lc.LiJLl 4 K Ml g 

^ j ^ 4.jL^_j^aJi jjt ^ .a .utl ^^Lc udljj Ijla 

t L^ L^ ^ ^L*3 4.^L?JI ^JL^_d .c-dM^I jl 4.j_d (_>Ai;iJ 

-dj_uj . I j i^'^r (J^a£i 1 j) i^r ^Laj l_Sj-i-u J.j ^^ *-rL>^J 


(-_fl^^-<-u (^L>J1 O^jJI fr 1 g iiJ I L^ iji iaA ^ LlIdIj-oI 

4_^ij Jj-oj L-a<) < II 1^ t^L^JL^ 4_£j_>Jt «**4L'>» ^j-a 


. f^La .*1 L^l ^ ^ 1 4jt^tl »4 jgJL^ 4^J^ L.^.j 

j^ a . ■■ ^\ .L^g'^l 4 jJl^ (J-^-^ jI . i... 'wtl L. ^ 1 ^jUb L^jI 

> 4JlC. J * '"■ * 1^ 4-Oh Lt^ 4J.ja-ib I ^ I 

* LLA CT^l -»L gj 1^*11 ^ 4 -i^Jl>v 11 4-^01)} (jl^ 'J^ ^^i t 




^ liiLTi 


V L-<l!l 


1 JUb 


JliJ-»ut c-dj^ ^ . ciU^ 3 juJl£. Vcr^! ^! - 4>-«^Ljua 4..dj^jJLsu 
jL^ i-. 1 ^ljub .^^LaU L^ic- 

(J.4.'>' a jl2ij t4.^lj jj_ju 

J^-o-sc.^ 4jf lLUj ,J$ ^aJbVlj ^1 ^J-*-**-* j' j> f (_^ ^AJ 

(,2^Lj j t 1^ ^ji g 1^ ^ t.lLiii *^1 ^u ai") 4 jl-L. 

4 5j-^ <ji l^f,j (_^! 4 jwL>J 1 nj^^U 


(JSU ^Lc.^ ^5 L-jlI1 


4 I i^ll 


t A 


i ^ ^ 'T •*■" i4i.a—^>0 LjS L^^^JLJ -t-tl ‘.j-a.lt 

4_ij1j_^ 1 j^^p3l^_^VLi jj_a.<3_3JL1 4 L^JjbL^ 4-L_4-^>tj 

f^~i -%. l ^ •! c"4 g, V n(i 1-^J 1 LJLu uo^j 

(_;^l ‘(^jLSJI t~ 4 4 4il^ t4ijol^ '^j *"** u* ^ IjJ 

*4^^Jl>J 1 4^LLJI 3-^J i—ilj^i ijUb C^Jj>> <>ii-> CjJlajuI Jl^ 

Ls j ^ t ■*■ ^ ^ ^ V -^tt 4i JL>>1 ' ■■ * 1 (J.aiSLiJI 

4»_J_>Jl (Jl>-Ij ^ ^ '"~ * 0^ UJ-^ 

. I t 

* j-^ W l>^3 3^ W 






























UUiJI 


Gene Therapy lilkM^U 

4 j JJ d^J 14_i_uj I—4^ V1 4_^ljjJI ^ lLL^ 

LjjJI (JiL-o LjjJI (J <i c^ i <j >—al Mi~i^l 4 '»' j ~< * Sjyju^ 

oLiU-c-j 4 —l^jO^I .Recombinant DNA ^^ulLsII 

j .U- ^ 1 jl a ^ 4 A t ^ .Gene transfer 

“ j:^ i *11 1 4 J ^"*L a J . _ a l ^ ^ a ^ 






ajusb^l CjIjVjJI oL4j£L>. ^ ljU&j . >-1 j1 m -^IIj 4_^^A_aJI iZjl 

CjIjLJLq (3^! Lr^! JjJ 3-a ^jiajLJj iJ^^J->-u!j Wjjj' 

a j A ^^ ^iLJ .jlj^ ^1 t 1 41 ^ n i II A C7~^ lTjIjVjjJI 

i-~. aj jJla .4 j i^^trLfcjii.1.i 4_^l_j^l 

(j-a U^ (1)-^ • L>^ Wj-^ a“i11 Jij- 3 e,a 

l^3. ( u')hl\ >i>i 11 (jl (J>^ tj* a l»t i 

(2>-a (J 3 ^l . a " i j «ljLi ^a.l,j aU 4ijL^«:J J .* ^ i^^-dlid 

(j-^ajc^j (^jVl 4-jLiL4i <j^ O. i > \> ^jl frLa ifc J 1 cVj-A (2>-a tjLi 

3jL£.Laj t-*il-A. aTI^ ....^jVl ^jj_La ^-^L.v-4-ll ^5Cu.ii.lLS^ a LlAII jl^j 

|»j-Lj-^1 U!^^ 1 ^ <a o j)^\ * (_y^i jl^l i4i., j . i ..i. “v~ » j> 

. .."j L^jt uiljl f^AJU S4i^ 

_ al-.^.,. iti ^^.i^LLsJI ajjb j? jl^l ffjjt lLLjJ (jj-^ ijl t'ij 1!i L^l 


4_^_jl^J| al^ At! ^JLju l-*~ ..."i I—-. I_a 

>y-t ny U (JLi^jj (jy^^ 41 1 I jj' '^! ■ j i ^T I 

_«Ji a ^.1 ^ fL ^L-SB^iJ ^j\ ii>n t-k 11 ^ ^ 5 j _5 -^!l |_|^jl 11 

^^! ^t-.-w j g j^ t .jIj ^j^jLj j_^£LLd .<j 1 )Lu->JLj 

4 _^ljjJI (JLiJI 4 _iL>JI 4ii.JLj i Ljj^_nj CjjIjj 

*3jLa-t-a a (Ja i4l^ m Ci i im! 4-jla^ * 

JL->o 4 _L^l 3'1_>Jl (JLj^jI 4 j \ a dJL-t_J^ ljUb 

^LaJtt ljub ^l£La lilt 14-^lj) in r 4_aj^^j 

Ijla (JU^jJ tijjL.3tj jL-SJa . 35 U 0 VI (jjJ-c- i--<-*-uLLa ^ j c. jl^ (ji^^ 

tSjL-iIo tjySj Jl 5 ^Liu ^1 i^jja 1-4-4 i4_jJ_>Jl 5 pLL>- cr^asJ^ 
cLU^ . 4 1 1 A 11 Jj Atl jL_->> I '• ‘ “ i ^ ^ )CjjJLI ^L^ill L^ 




























1^ J 4-Ji i ST “i I II II < 't^ \ frl til (Jjl_JtJ 

4_j ^ 1_ :mjV1 ^\ __AJI I i ^ "_uil J_j_ a _uiJJI jl 4_j t'^tl 

^ ^ “ --I f\ Adenoviruses 4 j^jlJJI .-*1 ...jj j ^tl y\ Retroviruses 
JjjlJ) (Liposomes oLaj-^j) mIII 4 jl a jJI cjL^j-uu^I 

CjLljj^L (J^^Laj (J^jj (jl i_4-^ L^J^— iSj-rO^ 

(4 I j ( 4 j■^-:^l 4 j aLq ^ If a ^ Ll£.J « 4 j r J ^1 4 ji 

(3^ V V " < (li i4 _i Ir ^j-c. 

.4.jii«Jl 4JL^jj 


Gene 


I 


: «Ll.u-JI ^ -j jjjJ li^ 

La . 

: JLilij »"i t,n,4 4aLLMJ u^Jjt jioliu 

lS^a.iaAJi ^Jt\ ... - 

Lljf t4 u*^I ^.' T*"^ t~.^ ..."il4 

'j-11 4^jJ (J^a-x.) t^^..AL4 i^j^a-LASeZ^ 

^Ti 4 3S <L^Lo .It t .-%*tl I Vl 4J ‘ ‘ ^ .^jLfl 

IcjI t—dVT jf CjI^ (J^i^ 4jl JL&i£.l ^jJI 

4Lj (II I L^jt IjLA ^LvVl VI 

jLjuI oljj A I ^ • A L^Us '" ( .1 .1^!! (.iUjJ ^Ji) ^1 ((^jl_aJ| 

i^Ijl^j^I t^j_a ^LiJ ^1 dU cdd IjLd .^aJjdl \j^ ^"t 

ly' ^j^-La jK t .i 

(j-^JLH ^\Sy^ j ^ ‘ “J *i* cA*-* ( j v *< ^ (_3ic. ^1 ury»-a 

5jl>.jJI yb dJljj \j^ ojLJt_a j| t^jLjj j^l jl 

(C^j^ju ^ (L^j^jljJI Ijtjfc L^U L-.la ^ ^ ■ . ..I . .i Vl a > ^ .tA ^tt^ 4— 

IJlA ^1 Vl I »'>■ L i ^■Ltt (3^' “ j .Lnj . .. > (1.4 Jl> CT^I 

yb ijuk IjLfl ([>>8 td-aL^ L-iu^-aj liy 

^^J 1 jLLdJuJI yi L^Lx ^LyM IdJ^^Vl (3^ 4^0*3 yb 


























CiU^^U LfUidI 


4 5 ^ j i^Luix^l J^1 La jLad.JklJI ^ Llj IjU^ 4 nj 5->Jl 

(^L^jJI J(aj_(_a_pJ| 4jLfl ijJL>. 1 jj J«ai jJbj (4J-aL^ 4_^La jl 

JiLoj 4jl U^ 4 dj ii 'hIL^ .4ljaL^ 5j.i,dll aJJt V 1 o ^ 

i^^Luj (J-a-aj 4jiLd 4^1 j 4^-i^j3 3j^j 

^Jb ^LLa (((^_^l!^)) IjLst^ 4-x4-^t (J£LiIij a^^AJLA Ld ^ ^ 

. ^ i » LjjJI ON A ^ ‘' tJiiLu.^JI (jl (^1 • jJI 

CjLa^lftja 4jt jl ^ILa ^ '* 'y' j 

^jJaJ jjLiJi (_y^l t^i^^LiJl ,_^l£. ^LIj tliLe^^mi 4j^LjL-ft 4.dJ^.^ Ja ajj 

i^j_(J a tl ^ J ~ * U3^ ^ LJL^ 4J.a^ ^ 1 (J^Ia]I 

* (jAalII i^i>ia 1 (Ji> ^~ii a-IU^'.tt d . .^. t (J^4-u lJl^jj 






r 

SL. 


yj* 


Cy* 4 ^ 4 t 4^-d 0^ j JUU . Ol^-^ (^ ) intl 

yllj oj u^*“^.3 Ojaiua ,3^^ 

^iiju Promoter jJLuit LoS ti^ji^^^t *u ^^^ 

. t^liiia * 4 j ^jJI 
















«ui LiUIi (_yi£. L^^'i •('^ Introns Exons 

U-® LiL^t^ * jL^i^l ,j,JLi-uaJl L>^ ^ 

iCoding region urj^l (2^ A (HlI. I I *-^ Lj^^—»-^- iiJ 1^ 1 Jl-^ .' 

lIj LjjlI 1 L^ I nj^jjL>J (_^j <Lj_aj_S_^ 1 Afl 

o ^ 

L 4 ^jj_>J ,_pjj .Non-coding region 5j..i a ^ ^ a 

(^JaLlil (j£. 4 jadil Ji V LijLa IjJ-i . . «l~i L^! Ju ifljJLiJI 4^lj_jJ| ^ ;| 

^ • ' “ ' j' j ‘Uj'j III 4 A C (-iljLjij ^ (.^4-d ;. ^ I 

.Polymorphism j-AJI t> bjW ' J3^ ^u-g 

- Intergenic regions oLu.j>Jl U JLLL« ^ J ,-aj 

4^dj S-hII ^jJaLLa idJLjJL^I 5 jL^_^ 1 LUUjJfcU t—tjixij ^ 

j^Li >Uj^ ^ cr^ 3* * 4 lud'i l^iij V ^ 

3J-i^I i' lI-jL^ 4j^ (^i ^ 

jjjIj 4_tuljJ 1 ^ jlx OL^ a "nT Ij frLoic. (jl . t\\ \ 

J * •>,’ («Jl o^\ u2^' cr^l UjLi ^J^ jru_*jJl tlruib’ 

Jjl ^\ oiy^l L^j LU3^^ SjuoL^I ** j J 5 jl>.^I 

4_fljLA jt jAlJi 1 JlA JLua^ l 11 I 

(JLiLo-^dl *i jijLjU 4_j-i_ul_lH 4 j_1jjJ 1 1Lr^ i0 
_ ■ G " i « I L^ . (JxJU Vj fjji JL»V ij'\JLA ^LLo (-Js J-a-*J LTVjiivll . ft 

lIJLIA *1jlA cJ^V tt 1 ■J'* *J U* ** ^ j flllj {j^L j ^ 

(3 1 *1 ij “■'"A »J '*.n a m a 4 , A . .1 4—iLq^ 


^ ^ 1 LoLaj ^4^ 


. Uj^i ij^ k^ .L^ 

jjVI 4 In t f II) * I il^l j * * “ tl 4_iJt_^ 4 ,A tUj 4 tsj A A , ... (.iUju 4^j|^ ^ 

(J-4-^ lJJLj ^jj jJj . LIjULjA j LiJlSLj.t fiUoiSLJI LLl4u1j->^ '^,>^ Lj^^LLi 

C4jl LiiA^^-uoj jJjLu 'I" 11 4^1i_JI ^^3 ^ 

3 " i A^ jG j_JSLGli j I 1 ^A ^_^LuiJ f- L^ e- b ' “ ‘ Ea 4,*.x 1^ ^ ^ 

^ - * • * • • • ' iJ 

i jjJJLl ^^3^ 1 ^aJ ~J 4 \t • 1 L 1A (_£lj ;JJ ^ (J-a_JU C^b ^ 

1 . V^ A^ . 4^j rt"ia jl 5j-jJ»_^ ^*^3 (jr^ uilla 4 Jj 0.5^^ 

GjLLj-zjnJI ^ J ^ t j 3^4 tcijl li -^1 aWI ( 1 I 4 jL^ljJI ^ 




















v^ii LUidl 


(-_flJ^-JLl-a (jjl .SLstlli^ _ijjl 4 £Li_u ullli-i-lj 

Vj .^^ *—LJ ^^3 J t ^ I j^ljJiJl * 4 jI ^juiLi-ul 

cJu^^i-AJ t4 ~ 'fr ill 4 i <iltH 4_j.^LUi c-.ajj t ~ 11 Iju^ ^1 JL^jl ^1 t <'»j 

’^33 3^ ■"‘^^ *"** 

i^j Jli-i 11 |^^_Ljj>JI Ijub j,.x-yi^ t—ij ~trt < JLju ^^j^jlII ;1>^ 

t ^ilrtllj 4 j^j^I jgi j ^Ij^_^I . CjjI^ Iji - ^jL^i 

LjjJl Iju^ Lr^ 4 i 1^1 ■ ^4*-^ ^1 ^ 

. ij>f^ 1^^^ 4^4^^! 4jU^tl 4jL%.4.i^ CX^3 4jLl^ (J.4-st-> (^jJl 

3^^ l^33 J* ^cr-^ ^J\ -l^ -L->. ^j - ^ 

1 4^i4 (J^ J-4^ tjiJjL>.^ jl (ji ni~i ^Lsol JjLj 4j^ j4"w Lii_uLjj^ 

(jA I'iTW 4 J ^ j3 *^^ aJJb ^(^^^^33 ijl 4 "V JMi Ijj^ L>3^ J-^3 

jj)_j .~mI! 1M 4 <,*‘.)i I j4 Lua JSLiJl 1 \jIf 

^_y3 i^iu CxLaG 1 .(jiSJl JL4^ JLoJaiJj I <C,o^^ fiUojJaJI 

t(j^-loJU 4 jj b‘ jL-i-tijVl 4>.j 

JL>JJ JL^ LftK i^JlIIj LuajI ^Jj'i ,i^1,4 Ji^^V i,r< i AJj 

^J■,^lll^■fc■L3 .(_yjljjJl LjjJI 4^jj,j (JLqjx j-jji ^Lv LuajI LLA IjJj-ujlj 

i^LlLjL^ 3 6 ^ '3'^" '3'"^ ^ -° i ‘ ■ ^4 al 

^ ^ * 3^ ■"iH^ Oout)lc Helix ^ • “ ‘ 1 ‘- ' ^ ^33 lt^ ^l^jsLuaj-} 

CP* C tJ 1 


u- 





^3a^ 4.lj !•% 


.^Ljj^ ^Lj t oJlXl tmJuS^j33 ■■■ ■ ^ ( ^ * } 3^ 

i jiyal - t) 4 y^jZ^ jlxI^ JlI^t jj " l^Uv^ca ■*■ 

Lu^jJUl t jlA - 4 11 ^3!^***j>'* J ^ i^iyaL^ = O 

. OLLfcjiJ I 


■‘ J^'^ 33 <$■ 


























ljL-A (ji Lli^ IIj^ tL_*^j-jJLj 1 rt nj UoLpjl ^^ 

jj£. L a l~i Tt) 4aLar ol^ i^Jla ^ " ^‘* jJj jj( Lj-xJ^ 

t>s U7^ * J-«-*-uJ ji L^J-*-* ^Uu^ Cr^ 

, i ^ j , ,1 rt'i ^-4-ttj Lst-^ 1 o ^ i1 itjryi'aj^-*^ j' (Ir^jJL'^ *^>^6-/ 

j j rj «LL^_ku I ':y ^1 iL^Lcj 4 j^V j3 ^^ j_j ^ 

1^ j~i^ j-j La f4^1 < n I li (Jj Liiai^l A. 1 S • A j-j^^ 

• (^1^' 

<4 i^-V'iLI L^LiJI ^jA ^_^La ^J^ tiJLiA ^jl L L| ^ pLs 

(_y^^JI t -J ^j. “. tl ojL LjjJI Ijla tljj 1—^lj_i t_ <i4 tdh 
\ .^.^ ^ uj^ ^ L^L^I iLjj-^ 

L 4 I ti~« III jT CjI n.'v 4j jj,4lOl n'v 4j J.4-i3 L^L>Jl 

dJLiA ^jl Lbid LiLa Ll a.-j-Lx (J-*^ 1.^1 tLM-^1 ^ 

«Ljij (J^ ^jj < II a jt j|^ L^j j^Lj^liJl (_y3 

ijtji jj 4 -tri V _ ^lij cjLl^ ^1 « i • * cjLl^^ji 

^ 4jS^UIj Laj^^j (^J Lr^ *Mia ^-11 L^Li* jl t jlnll L^Li- j| | 

1^1 iiThTL 4jl'w 4^m ^jg'^ ^^yii ^ i L^L^I lILL ^ fr ^' 

Jj_*j 1 J_Aj . ^ «Jl 4 ij < a 'La 4 1 J 4 t“ oLljjJl ^ 


L^ 


_fl t^l.L ill lA-^ 


Lu 


(^i ija i") V ^ ■■■ iVt oLuj3t-U jl 4_... 

^ ^ “ > ’ ol ^ («-*-> i l l j-aL ^ 

0l udj J5i ^K.£JLjb JgjG V J^ L^ L^l VI 4L>L^ 

^<utj l-l£.J ^>^ *4j jLl^Lua-a 4_t_a (Jj$a ^jj 

fjyj Llit ^^1 

Jj-:w^^_^ lIuIj 3JljJl^ 4 /y ... Sia 4 jJlj^ i^jJI >:u 

" * .*J SjJLJfcaj 4-uJLa ij^Lai UL£La jljtj *ljj Vj ^ La 

LtiL 


j-A Lj (J^ ‘ l)^ uM .(Jj^IaJl (_^Jl^^JL 1I tlaj_iJl 1 JlA ^ 

^j£. (_^Lu« ^jjl * IJ iLli 4 Lj... 1 ^L^j 4JLA LjSj ^ * 




J> J- 











CiU^L gU«ll9^^l UU^I 


t ^ LjjJI (J^i^ (jl I—dj-JLJ ^1 JLJ^ 

^(^j.^1 ljUb cJ^ ^ t >1 < M'^tl (j-A 4aL>> f^S LiUjj 

^K, mil '• oLj_^ 4 ^ ~* - «Ll^l . Sj_ 

- ^ 1*1 djL^L-S^ t** it ^ ^ ,.^ t1 ‘ t—^ ' “^ ^ -^ ! I 

j-^ j. L xTi 11 LjaI i LjjJI ^L^Ij t jljIj LojI^ cjI Ajjij-UIj j£LuJt 

(JlJ = Cfua[ j ^Tl 4 1 = ^j! AJ 4 JM "i Tl Sjl^L-SJI 

4JtJ (jt [ j >1 j < j-as-JtJLlj t tj '» <11 *(l>" “ L>djj~ J^lj 

Ijl^ ^4.Li^ 4-^Lk^l jk^l^ i^jji i ^K Ljjdl 

^ ' ■ ■ ' ‘ f^j • ^JJi^JLJ d t t«L4_3b^J ^ n * ^LcuJ^l 

CjJj£u 4-L^Ij jt i3ji_(.7-^^_ ^3 4_^ 

J-_LJJ j-JaJLj 1 j-A f.\jj |iU5,.4 La^JUC CjIjj-A^ 

LjjL.^G tjjaii. oJ-1 j-iJ ^-iLS OJuj jj^Vi OJl-Sju 1 4 K 4 (jJJLtnJI 4 

« 4„I^.j.4i La«;I^^ 4 4Jaj.i.j^ 

(CjljL^jiJI 7 JlA I ^ CajUij ^ ^ ^ (. 7 -^ 0^1 

*(ji-4J (Jl^ j-dc. CjL-^ ^-ijSLJi LjjlJI (3^1.^ 

3jl^Ij <j( * jif. i. I "x-> 4 ^ 11 l-AjLd^ IjLd l^dhli 

'/o _ T jl'i A ^ 3* *~‘~ I ...‘Pk \ t a i ^ * 'T » cLU jJL^ - 

U J1 ^Cjua_>. 3^^-^ C7^ 4 jirj )4j^ LjjL)l 

ji i^m l^ L*"*.* Cj^ VJ La iCJI 

I JlAJ .(3^k2JI 5^ ^ (.7^ o^ cli-Sb^L^ e^LuSLII (^3^AJ 3 j-^ 

1 JuA 3^LuiJ lIjLjlx^I ijJjJLJ \ llu^ frld.L~iVI f^jja ^>^1 

■t_uri^ i ^J1 5 . ..M -^~ A ^1 jljV Xo—V LjjJI i^jja 1 jl:>> ^ 1* 


Jai^ jJt ^^La._i^1 ‘ ^^ 4.^j^^j ^ ^ 

4 jl^ L^ ^jL^ 4 X 4 L-AJI cjLu.>«il i^-j-i-^Lli IjjlII ^ ‘ ^ 4_4^1^^^-11 LjjlJI 

4 j ^ j C cIjIJL^J ■ Li S g ^1 1jL.^-d J ^ J 1_ il iJI 

4jt3jjaj ^jj8 4j^^ C>^ 4j-3^Ljt$ cl j JM I 1 4 ja 

^ jg 4 ^jJ 4^ ■ <"ij^ jj41 Tfj 4 j t4Jj^ JJ^ ^ 3^ M<iLa 4dljjLjl 

!4,fl£^ju ^ 0-^3 3-4^ c3^ 5jJaj-4_4jJLi 



























*^jr vail 


^ 1 ^\ \ 11 l! 1 LALx-4_ij ijljLj L—ult 1 I ^Llu 


ji lZj!M t Ml A^ olj <1 '> o ^ J-ft_-*-j (jr^^ tRegulatory elements 4 ill 

^L^IaJI L^Jl^I oLuLmll dJLdftJ i4_L.u-dj ^j£. j-Xj-ft-JI ;^7^JIJ CjLLa.uiI>4 

L_aj_jL-:JJ ^jlaIL-l^ (_y:Jl 0-4—tls o-o Genetic Markers cuLa^L «-< 

ol \ 4 "i a-J Ju^Lfl L-4-^ • o^- illj 

La^ .oljL^_^1 O^ O-o 1 ^1 ^ fci o^Sjij CjLjljLIjJI tfjufc u-^oJU 

1 jufc oj-^ L>*-^ lP-* U c. 4 a g a L^jl 

4^1 Jj ^ ■ 11 JljJl^I H or^ o J4 jl 4 <! " iiljj_5tj jjI^I 

O^ CjLj-ja 4Jjl3 I 1 t 1 4 iojLij-) uli l n 'n! ! JI^^I jjl i-_flj_^)-JLll o-*3 

Lai (JLC.IjiJl i^jji i—flVT 4 t (^11 t(j-C.lj^| ^Ijjl Ly®) 


Ja>Ji o^.>^ *- . ' } ' "J iUX.1^-^1 o^_^aLa 4j_^ ^1 n 4 L^_5l3f 

^j\£. LIj-juI 1 1 f j«j 4-Ui o^ L-ojljj tDuchene muscle dystrophy ^^^J^ua-jull 

d'A ->■ , 4 jifc ^ ^^LiJJ 4, 4^4 

^^tJ oyj o-^ U!>^' Lr^ ^JclLujj (j;yLa-LJl o^ lJJ jJ .(_^Ljuj 

(J^ J>^ j^L<L-aj CjLa^L.^ \ ii 411! oSL!_j SSjL-clj-^l Ljdl (_yjjUoj 

*31^ 4 ,ji^!j c^l J^^-d! 4_l4 Jj-lnj JjJUaJt t ""j gU. -h" 

(.ZjLjuLjJII! (JLj-aj . L^j-£. L^d! 4jjIj CjL*jLjj 

■/» ^ 1 "^ 3jl)Jl^ (_7-4^ XATATA Ij Ij Ij_j XAAX cjIj 3il l oIjljjj-uJI^ 

f.y^ jiLlliJ! C^Lal^ (4.^L^ *J.' i *4 n j*if ^Jbaj_tw 4-il Ci^4 

V! -1^34 La^ pt\^ Vt 4J9 ^^jlI ti-aiaJ! o^ La i_.» uljtj t4_dj^>Jl 

.CjLLi^! 4jJ (djujj lUjiil 1 ^ It I jftJjuJ o ^ 

od^du-Jl5 Lt^ LjJI tj! 

jjLij ^ oiH (_7^! L-axolj-aJlj ^lj_p1j 

o' o*4-Jj (—lAJ-j o? JuV 4Jl 4 i l- j -i l ; ^-4 djut lju! 4_jlSLa 

4jLaU LltiSj i-iJllA [J-Aj iV 4J ^ .4 i n j m o^-^ u! LOi3 

4-43Lc. o' aL:^ !j^ lOjLu L)^ 4.ji£, |»1 

i 3j o' 10 '>;j (JT^ o' ‘ "J 4jLj j>o-_j_iej 4 .jlaJI 

Q-^tl 4j 4—1-U-4J t4 i^*) (3^ t — L .uJ! JL-ft—l^ 4-1^ A. ^ I ^ j d " aI I 















CiU^L UUaII 


Ijlj-aj Ldl- 1 ^ j^L^L-uJI L^UjJ VI «u i 3 jL^I t ■ >... i 

^ ‘ “.* i' - l)Jl!L) <iJ ^ -1 ■ ■■ 1—4 I j . 31 jjJi 

4 jL 3 3 ^^! ijr^l ur^ *i-LUjL^ 

4^L%^ i A. iJr 4 jj£LII aJJb J C7~^ ^ 4-dJ^^ 

Oli gi iM>TI LltLl^ ^ gi < »*/ 

^J - 4 Ji£. I 4 r J - Ijl 5(4 ^ ■ ■■ 3 ‘i , t -yj 4 W >"1 I II 4 <L 4 ^ ^jLiytj J^VI 

(-H! (_ylijL- 4 j ^ L?-^' LjjJI Lry>-a 

4 _La (_yiia—S j ^j! ^ ^ j-i-u_fll Jl_^^ Si— 

^JuLdJI J ^ • *** t~it IjL^ t ‘vV iAr- ■ d_" -- L^ A 

aj^ji^ J-^ 4 j"«lj Jljw 4 ij t 4 L^l^l (- 7 ^ j t VVi 1,1 1 j 4 

4 -^juj 4 ^LL 4 ij ^ ^ ■ 3 '> ^ ... fj 4 _c.j-uj t 4 ij 4 j_i^l 

a tjlUt 11 4J \ 3-4-^^ 3^3 <J 3 ^ 3 -^^ ^ ^ ^ • 3^ ^ 

J^,^- 4 J (^jJl tL^j.iU .^1 iiti ^jL>JI 

4 1 S j j t U^ju^ o.>^ L 7 ^~^ i a-i.'a,^jj jlJuj 4 -j.L 4 -c, 4 J 

4 rtjl^jJI 03 ^ Sj^lLil 1 ^LxaijJI <L^j,aJ i^ ’^^3 l 7^ 4 j,4,j,lf>J 

jl L^tj 4 ,al^l Lq] i^JLaXI ljuk L^j ^jilaJll 

31 .SJuJlaJI .\ Ill'll b^'L^ ^j-4 ^->-i 4 LM-^I uv 

4 .a^LjJ) 4 Jaj^^^ u mi “w 3 ^b 4 J ( 4 ^Lb lijJLsu 4 J^ IjU^ ^1 

^^ojj IV >11 '^1 (jf Ualgi I jUa ( Cy^S^ L 7 ^ 4 jI i 4 j 4 -lAj^m 4 _lx^lj 

^_^jVl ^lJsLuJLI 3 4 (^t iLj-4^ UjJI (j-4 *C (jj-oLs lo • (^1^_>. 

. 4 Ail I I ill l).^*^ i jl 4 ^ 1 ^ 

i. .i^£j3 I j 03 ^ U^ I— 4 -.j_>-j JuV nl ^^l ^iJI ^"1 JJll (j-uj^)—Ji IjU^ 

(lj-^3 jU»^ 4 -l£. ^~<lj t—d^_uf I— fj^ ( 3 ^ ^^3 *■ '>--i-gr>j i^oLui 

jj-il crbjjj—Jl ljub c^JL/ 0 ^* J, 9 —^ 

^J-*l uJl j 3 ^ 3^ i 4 .a^^^l ^IjV Lr^ CjI J 4 ^.* 

^LiJLj^ pjl ■ - ^y^-c. A.i^j3 c 3 ^ Cy^ ^-' 4 ^ 3^ tL I *»j 1 '\ ^ 4 _bifl t“tij > 

3 ^^ *4 4 ji I n L^ 4 ^In^l ^^bJ Folding 4 ,.Jo 4 Ja C. 

- I—— bljljuj^ L 7 ^ b_uwLi-ut ^LL>. i,lJL(jb jjl 1 ^ 3 -u) ix-i V Jj-aJI |j^ 

, 4 I .irt\ ^j 4 ^j ^ rtj 3 -h.n jJJjJI 3 * c 5 * 


‘ J3 J- 




















rdkoiij I 


^ht A ^1 d_s_^5 '^.ti 'Cy^ Cy* i'» ~ia t 

Cx^ (j-^ ^ 1—^Li U3^ ^ j »|:fcl j sn tijLi^j[j-^1 

I JlA LjJ 3-1 Lq-^ < lLiLI^^JI p Ju-dA^I ^j-d 1 Juj^ ^ * Lq.^ 1 JL>>I3 

djj 1 |_^ "tLiJ 1 * tl _i_uJ V t A 1 J d ^1 

(jlij HJ Vij t 4^1 tj'^1 (j-d (J-OJfcJ tjl t^ lIjI m"^ 

pi y I M il I a j^ 'v Ij14 tj 3 I ( 3 £>^ 03^ U^ d^irLj 

^3-^ p^jL>ol ^ ^ ^ j f ^;^3 *^ *.* [3-^^3 

V| L4 Ll^ jL^oVI 33^ .d^iibl! ^^^3^1 SLulIII jlLa La^j^lik 

L_^ 4 "ij ^^^1 j3 In" 11 d-^L-aJI 4_:wjJlI1 lt ^3 ^d_j_ 4 . 4^3 3 ^^ 

-jj^* 1 ^ t oLLlj^JI ( 2 tv 3~11 d^jj ^-^Ij 1 4 Kd i^LuijVl 

(_^1^ <^iilj ij^3 1-Aj-^t jl 3-433 La^I jIj ■ J * l->o f_y^ <^1^3 

. J3 In" 11 pii.*j 

3^'^—4-Jtjl <»U <J^A—>• LljJI d \ * iJlfaii i^jJi frL.^,.* tVl JlJU ;jVl 1 1 rtlr 

CjUj,^]! 3? Cj1^j 3JL1 «^^-i.^-i.Jl p3,i,j,,.,i^ I ^3^.i,M.^» p^Lj l 333 -jl 11 

3-A3j dJij3^ cJlII V • 3— >■ (j\ uijyi IjM_>. ^j-4 d_jL^ 3^3 *^3^11 

^Ljq (^jja j^\ 1-4^^ ^ •* 0^ ^! " ^ ^ * J 3^1 d . ...I ill t 

JJL-^ i^jja 3 -^t CjL 1 ^ 3 ^^_JI f^jja JU _ C. ^ i 1 i t ^ 3 ^ *-^3 _^ L-ljl lLLIj _ ^3 

«JL^13 tlr^ tj-d Jl^ 13 cr^3>-J» (J3-^ ojL^ dj^laJJl (jU liUj tCjljj3JLl 
Jl^I 3 (j\j33.j Cx*^ (l>-d Mil i,~t M jL^ia i L^ 3 - 3 ca^ f^**^ <“* r> 

e,j^ pJbLi_u ^jJI d ... a\ ^1 Lq^ (dXal£jLo dXoL^ d 

ciJjLJuj (^3.^ d ■.. 3^ t 3 jjLjfc -4 d ^jjo J-dL^ 

uiljLiiu ^33^ 3-^* Ly^ 

Jl^ *(J3^^ LT^3>-pl d k jtAj LjoLq-t d i~ ^ A d_ 3 .^ 1 o 3 dJ ' t ^a 
^jl3 i Jlj >.13 ^j_i di^L£^ d A j^3 jL>.l3 J3 j^3 ^i 4j V IjlA 

. Iju^ IIXjA 

d ^3 ^ ■ .. «^l]j jlj olij '^Jl ^JL-A 3^^ d 3^3 1-* I t i-rt ^ 4 jlj 1 4i\^ LilJjJ 

3! (jd J 1^3 tJiiiJ d-je-j-jj J-Ii-iJ (,^^1 uiilj ^^Lc.3 tCjl m '^tlj ^^-LdiJl 


















UUiJI 


jaUi 

Lub t i l lu llj .m i l «iiU IJ4M ^1 tjj» (Jj-ij 

OjL^ o 1~^ L7^ (Jl)Ju>u 3j3j_« aj-^a^ jjft L-JLc 4_^lj^l aVi 

^j- ■ »L ■ -A ^1 lExOnS CiLjj^j_^Lj l_3j.jij Lja jl ^ ^ 

^JLA Oj1 _^ oi^ LT^l ‘ ^ J 1 

L7^ * LjjJI <U5 h^i jl 3^ ^I*lill j-j C. 3-^^^ L7 ^ Cj1 > iiUli 

L^t VI tl_j ,It •v- jjJj V 1_^LJ9 iintrons cjUj-I^jlII 


I 4^« IfcJ 


lIu-jL^ 3 i ^.^jjuLlJI (jv ‘ .* ^ lt^ LiUju t«*“■«" 

4 Jj 3 I JLl^ Promoter Jj uilL^ Regulatory elements 3 l 3 mi 

^ 4J ^ LuiJ-wiJ^ 1 I y 1 3.5^ LT^l \ ft ^ L>^ J J l till 

JLj-^Vi j-^ dJ 33^ dJL>J! dJL* i dj ^ itj 3 i 3 jj ^ 

1 -^ cr^ L4L4J jJa-iLJ 4 "1 dV 4 J j_^lj_£.l (_jJj (^djj La^ 

j j ^t « rtt i>> ^1 LdJ]> Lfc*ij)iiI n 4 iUjuMi; ^ 1 -L^ 33^ “^3 tiJa^,la.‘»,A 

4 j 3 [yj>J ‘ J 3^>11 Lij 4 ^.C. ^jJI 3 ^ H_yi 4 ,-^l 

3.AJ 33^^^^ 0!yi3^ L> *^f^3 cr^! L^-^3f *^3 4,lr>j.j.ji t 

oLoLft—c (_yj3 ciJjL t\i .4 ^ ,j f 3 ^ 33 —*^^ 33 ^ *(^03 0^3^ Lr^l 

3^3>^ LLuiJt i.lA ^4 j 4 tdj^jbjjw 4j^ j 'V 4^1 4 

i9jub 3 ^ < 1 y11 ^4 4j| Vj 4*il >4 jJoJjl t-j aIj 3 ^ 33 *^ 3^ 

. ^ ^ J ^^;f:*3 (J^ |4J * 41 1 411 Jl^Vl (_yJj djyoJAJl 

LjjJI J3^ Cr^ CjIjJlIo fJj-LM iy-A La 1 *j 4 : w 3>^ 3 j0^^3 

3 vV--A oj. i «c 3 -^ 3^^ 3 ^^ "^^ 3 ^ ^3 ^_yjlj,iy c J^ 

BjlxIj 3jl^^ JIjl.j.1jui 1 4_'»j~i't 333 -^^ 3^ cjIJjL^I ^jub • jij-dVl 

(JL^jt jl (.^jl^ d ■- .~ 1 jl LjjJt 34 cjLijLli] p .UTi pjLcJ^ ^'j! j' 

3ul 4 1 jl ^ 4f.l 4 a-ju jl UjlII L 4 3 ^^^ LT^! 3^' 3^ 

aSJt ^aioJLA 3 ^ 3 *■“'*" 3~^3 *^1 *** ^3iJ jJjoL^JI m^II 3 ^ 

Intergenic regions Lijill 3 ^ oj a .«U j iL jIdLUI (Ji 34 Lltt 

3 ^ Mj—•>J JL^ ^ ^j- j^ 3 ^ 1 Ja^JI 3 3^3 (Ititrons 

Sj*v I 4 4^V-9l^ o1j..jJl1JI aJJt frl aiall i4_l:^ij i~i i u jlj 3^^^ 

4C-y£^^l JUtll La 3j,i >■ 4j 4 ^ iL< 















LuajI Ci.a-iAl ijil t n j jJj ^^ti 


\JULj_j->>I JL>>^ j^JL^o (jl^La] 

^ 4 ^ 'P ^ ^ ' "^' 


Nl3.rkcrs4^ljjJI >’4 ^. ,.ljtl _ Ljj.^1 4 ^ - cjLIjLljJI ^jlaj i-ilj. ^uti 
I~Mj lIjLu_^ 1 1—>~<Uj iSj-lJlj L < III ill cj^L^ oL^V Genetic 

jjlalil 3^0^ dJLalb Ij Luajlj i La ^ijLc, 4 j ilij^ oVL>^ 




^ '*' J~ * CjJl^o lLUj (JlLa j ‘^ JL>>jj 4jl JL^ ^ 4.j.:>Jl lIiLIjL^LII 

^L->. \ g ^ LT^ i L7^ JUj-u—^I 4 Jj 

^ cHaj/il j^tj Down syndrome ^jJlUI ^uLt^U 

i trill (4 j j\ ^JJl£. 3j.3UJt i n ii*w i^tja:w jt l^-gL^ta (^) 

cA u-J^I (^_yi Iju^ iJj 4 J^ \-iijA 

LaIjj lLLI j i" ^ .5 >j 1U A j- j g- 4 .^ 1 _l ^1 L-o-jUaj ^ 

ajJi^ ^j7ij til ^ jU7 I iti ^jJlIII ^_^rfa.ie.tlJl ljul ‘ .‘JT 

CajLusI 47j^ 4 3 w4 LiiLi-A ^1 1 43'*. A 4 j^ (jjj 4^^^ 

t <j <<a7 djIjJiLJi I L^J ‘^' 4.3 4 ^ ty^J$ ) 1,^m^4i 3) 3U.n 

^Lj^^SLl^l (.i.a.^L.lj ^ 4 ^ t .j V ^ i^j -•"‘-* (3^-^ 

i»jJl j—5-5 4 jjj t I j Cystic fibrosis 

it!rt < iij^ *111 —dl *»» HI Thnlnsscmis 


^1 ^1 

d • .^. VIj 4 ^La^^l jl^l tCjt^^-5.^1.1 ^4 j ^ 4 j ^ j I 3^1^^ 

• . i.^ 1^ d I ^ . .. 3 t I tl d ■ j'u V d • J^l ^ t4.JJ^JL' 

3al_^^ (jJLljb (jl j' ^ I 1.1 all I J1 * (jl J^ 

4 i u 3j ,^jja ^ ‘»" cr^J t-ilj. Al-tl iijj jljkJ 4^ ... 37 

4 ^1 j itl 4Jj__>. jJ-Aj LL ^juii^t ti VI L^ j_^VI d 3 ^ 3 ^ CjjL^ 4jj^ 
^'7-k^ (3^ L7^ 4“*'*' \ jJt Uj t4j 4 Uj->,t 1 

^1 ^j«nAr i7> L 4 J 4j 1 f iiVI ^ 5l~i tcT) JL3 4 ^ I y 5 > (J-aljjtj <^ill 
t ^ 4 i^J gU *"7^Lr^ t j_y5 lj-jl L^ 

. 4j£^ju ^ (j-*J 414^ j LA^?d 1 
























v^l LfUaJI 


^Lij| c 1 j>»*i IjjJI i it .“tijA un JSLjijj 

< dr.l 4 i\ 4i f. (jL^ tL-dj^ 1 .a jjb L-^J - 4_^. ^‘i LjjJI t JigL i 4 14 
3jVj 4 j 14 r a i^Ltl! A,i ji 5, v.3 t 4 4 jl 4 c 4 jl Wi LLjlII 
SLjIjI^ L)^ SjVjJI iJjLA 

SL^^JI 4 jl4.<i^ . JJL^I oju>J1 t j j*“‘" JvV \ ff. 4^-^Tl (JSLd 

IjjJi • LjJlJi e.^^ys^ ^ 4i^ 4 J t 11 4 i^iT. t ^ ^ A_t 

(^-3 (j* A-jLftj 11 lIJj, ^Zi J 

(JllljjVl j 1 (jl I JlJJl>> jJj I^/Oij^lotl ^J-CJu.4.J^I 4^f.ljjL.'W 

JL^ .Ajjijj »ll^'w 1 (jjJ 4 ji>j (ji3^ u' La! I iiT.j (djVjjJ 4-4j^Ul 

J~ J- < uCt JljV ‘ciL^ J ■'tit ^4^3 (_^ijjJl ^(^3 '^U lIiIjVj pla 4 

jt CjLj 4 j 3 -)yi 3 J ^ (jl * 4^1 _>, Mil tn'lj L_dj_>>J 

i4^^^Vl L^ 03 ^ U^ «\ 4 “ >■ ^ t JuV i rtrLji^"fc!l 4,j idft ^ JUi^ ^ 33 ^^ 

4-^? oL>>i j oL4j3->y^ 4-LA ^ji.4 0 . 5 ^ oli 

u-aTI ^ 3 ^ o Ij L _L.l 4 3.4 ^ ,^i LxjjJ (j-uj V c 4 j ^ . j 1 jLJL.a-ju^VI 

SL 4 I L 4 L 4 J A_ajLL^ 4 -^1 ii«it‘i ^ulu^j 4 .jl ^ JI ^L3 L>o A^UwjJl 

jl 'wa^_>. Ctlaj 3^ ^4Jua_3sJl \jJt 3_-a 

JL:w IjlA (j-u^t ^ j' 

*(.-flC.ljL>i3n 4 _L i4 f Ja£. iSjSJ '^^-'4j3-*y^ 4Jub 3^ ^^tll 3^J 

4 4 "K frlllCvL i 4 ^ ^ J 4 j 3 ol jl4 ■ I 

3jJl^Ijj^ G JI dJLcLoJt jf L^j.:>J1 JL^G ^'ULo . 4_^ ^Llj (J l _.^Lll,l 
(_yjLi ^ ^OiJJ ~* J “' C ((j-«) JI ^ jJ^ JijJl J4^‘) (_^SJ L^ u-ufcJUj 

3^^ 0* *' 3* i44l^j^,jJ j-^T 

L^J G JI j (^3*^' ^ C ((j-w) V"i!l 4-4^ cjLlGjjj 

|4-jj (JS . ^1 .. < (_^L-i. (4j3^t 4 J lLsjjJIj ii—ollLit—a j— 

Axi^ 3^143^1 JJ.Xx 4 > 3^ ^3^^ ^! ‘S'JT^ lJJIjJ jJ^Lu 


.aJI 




: * 4 iJ! 


3I *^1 (4_j_jftLj3J,t A^jJl^ ^^LiJI 4 ."T1 ljub 3-^ <j^3 

iAj:wj Lt^ ^"4:* Jo^JJLt I ^Ix J> > ^Ljxll Ljl j I (J,i u.al oLxJ^-iyi 

i^.-nic ^ 3 :x JU UL-^ I • 1 ^ *4 * I niTl 3 .i^ 


^V1 


J> 


























CjJi-i-ujIj ^ i>> Jl^ l][5^ lIUIlj ^ iCtJ Lj-wLLq ^J■i^ (jL^Ld ^J L^ 

i A L_L^b IaJ 1 j i ^ 1^ i jj. A (‘‘ti.l^ -Tf't’^ iCLLaI 

* L>^(jJl ^L^^jj 5^ 

4 _aL«£. ^Ljjl - J i L^IjJ CjLqj^VI i3^^ (—Sj-u Lljl V} 

La l^J^j (4^j_>. cjjt ^La Sji->.i^ JlijLTU - IjjJI ‘ ^ 

ljuAj .3jJLL ^^Ljl^VI jI -- ~n j j r La L^iaj 

^ ■■■-* ^ (J^L>> J^lj LL'*^ ^ . . ..' i ttj JLAJ _ ^J'*- ■^*‘ U JjLiJI 

^_yja '»~i~ 5^ j~i^ cilLjb (^! SjLiiVl **—Sj Mir 

^ ^ n ** t t ^qjVtJ . 1 Aj- ■ >■* 'W JL%^ t J-A uIlC. ^ «^~tt ^ I ^ ■ ■■ I ^-jjjQ-f J- J “■ 

^.!' ■■'7“^' L^L 3 J 1 >“"« 1j| l^jl (^t iciijjj L7^ 1 i^*jl 3 j, 3 LaJI 

*“ri..i -v. I jj Ldl (^J (J^-^ Cy^ J3"^4 iAjj-jJI ^1 ^gj '■fciti) 

Aj- 3 _L 11 4 .^L^jJ 1 d'^." fit 1 ^^ V ^ju iijnJI L^L>JI 

\JcBj-C. LlajLa 4 ^^Lc JuV «L^ljj Li^j^ UJ^ 

^jfc (_yjlj^l (Jjua^l_5 4_5 ju 4ji-i-i-^u-a 

>cjI i-Ia^j ^ L14B udJjJ 1 (Jjj-iAiIi 

VJ i^Li-u_)Vl ‘ t^VT 3 .^.. ^ ^ 4j| mI-^u 


,L-* 5 _a ^^IjJ cJlJV oLu.p%jl 43 ^^—s-a ^1 IjjSLL^ |a-) o^LoIaJI 

aJJb Jj_aJ 5 ^-.j_!lS Cj\ .1 i 3 ~j ^JjL-aaiJ O^ ^ • 0^^ tjr*"^ 

^^l£. i'‘.A i ^ " ...\ ^JLft 0^3 * I ^ 3 _^ iC jI ) i •^11 

Lo^ 1 ALoj^-j^I j 4 ^ljjJ) 4 L^^£. •alJuJL^oj ol 

4 ^ 1 j^l J CT^ i^j-JuJI 4 ^ljjJI t"'! ^ . ..l^ll Clg J 'V'l ml 

, L^-il ^jl (3^^ ^ 4 ijLc, jl 3-^ ig"i» >llLaj 


• ^ 


A oJloJI 9jWt 

C>i w^lT 3^*\ 
.^ijjVl CjLlaj 1 ~‘ ^ j 3^ 4 _uji_a I |»I J^-seJL-i-u 1 

Ij Adenoviruses ^jjljJI j 311 (^jLi^Retroviruses 

4:>>^L1 jIjJLI 3 i:^L j- ■" '^U CT^J Lentiviruses 4a i n jl».1I 

.(> ^ JSLidl jJii:.!) juo^l (^1 


j> 3 - 













CiU^L UUiJI 






jrt-^Lj ,J-n^ -x^3 



3 jL 1 I 


* 

i^L^l ^jp^.j^Lj j rtti Jj C •><~^ Cj^-3-^ ( ^ ^ ) 


(JL>.j1 \^j y) *c>*'JL> J > (j-^ J-^ '-^ ^ j »_flj_»j 

t^jJl (JLiJi ^IjJLl L^L^iJl (_^j ji til 1*1 '^tl (_yJj o^jj i 

t <_u^J 1 <1 Mi'^ Aj! (J^jo^LJI • L^ 

J i<Ljld ^JyS ^ ‘ tL^Ljj (2 >*^ Aj^ i^LiiJl A jil.^ 


<«P 4^'* < « t H-lLn ^ t flj t li^LJJ »(^UtJ» Ji.i1i> 

tUj ^ t t,i,.5.Ij ^Lj I ^ ti^ ^jlb 4.^L^1 ^' ■■ ^ *" I - A *. -^1 j^l 

jLj IjL^ i_Alj A-^l^^! 


^ « H I J 


JL4^^1 • AJ^ a t U* 11 ^ A J l^j t \ t i 

Ly*3^ j^ll Tropism &L^ujVIj a jj^L^ i 

Jj-j-j-u Ulit IjUs ( LAj_^ Ul9^ Lj 5 ^_:?JI ^LuidI 3-%J 

L)^L^ t ^j jL-i^l ^ V jl-iSLJ 1 a ^jj 

^ Ju.^1 ^Li^i 1^ ^ ~T1 ^ ■•j i^iLILa a jK H jI « ildll 

* -J *^J V (^jjl jJuVl tllljL^j t JLijiJ^l (jj-^ Cy^ 

« <1 a CjI n y. (. 7 -^ . gj J ■ n ^jJI ^ 'J • ^ ^1 


Jl^L^ , 1 liA I jJ . A>^ ( 1 >^ A>^J <. «•><> ( <>»> Lr4^ 

uj-^ L>^ Ly*X)‘ cJ^-“j! L-djL^I jijjL>ij i-dJii 

t"*' ' "JL^J p^* ^ a J ,^\ ^ VI . 5 tj ^ A^J (J^ 

iki .^ sWl (jit djjlSJI L^J Ij^L-iJl (jJj ujUajJ! (j^ u>ttj-jj 

















*1*1 1 .i2i iVl 4 Ijl^ lij~*J J-^-^ 1 jl& ^ 1 jl^ o" I tiLj 

^1 JL-%—^_uuLj IjljI ^‘'* ^ ^ Ij^'i—>• (J“i -a ^ i II rt M ^ 

o 3 ^ Cy^ ^ 6 *'j~* * l7^ ^jj ‘ ^^ 03 ^ lZjLIj. 9 cU lIjL tjrf ju j< i11 

jt ^^IjlJI 4 jLw Sp.1 jCj 4 ^Lu 0 VIj 1jl& 

.^Lc. (J ^ ■ “ i '> ij'w 4 jI tir ^JL£.j *(_^iajjJL( 


Liposomes 4l»u>u>^i-Y 


jLjj 




*(j'^jj>JL} 3l^^l LJ>o Lo^ ^JLaJLt ^ji_>JL) f_jj_:>iJ ^j.A 

^ Y Mill jJfljl j ^__yiaJ^l I i t u^ ^ 



^ ■ 1^ t l 




Jkhn:^ 4 JL^jJ **LM (^4.4^0 ( ^ Y) 


Cell Therapy biliji-r 

H'a- "jj Jli_uj 01 tfrl 4 U n cJW^ *^3^3^ L^jij <Ljju_j^J| Sj^jlII 

4jiiJL <n '^li ^ K~i ijl iJjL>> ...j i^jja <Lt d 0^3^ ^"‘13 4 <*i dj ^1 
* 4 Jtt T ^ ■^ ~ 1 ^jjQ.L-> li A ^ (^1 i^JJjlJ ^ * *‘3 ^ ^ ^ ^J 

4_Lo 4^1 *4 lmjLv^ 4_4->iJ^ 4_4J ^Jb f^jji ^":J-^1 

I VI ii'>Jl Li^L^ ^*Lv V"< I 111 \ 3 ^\j 3 ‘ 4UII ^JIL^I IjL^ 

Fibroblasts jlL^I LMi. /\ Lymphocytes 4^ i j,^.\\ \ L^LiJl Jiu *4^->*U 

4^1 4 -:^^LI ^ ^ ^ t 43 lj i TI Ij^L^I 

M 

aj^ Cax^j ^ 1 * 1^11 ijJJ j Aj . ..j . ^\ !1 CjL^ ^ ^ ti 4 U> I III ^ 

CaLl^ Ij t~. ^ ... ^ il^ .~^t I t i^lLl^l 4ij4.^JLl 













CiUf^U gUaJl9lLtf^l UUiUI 


<"1 V j r 1 ^ 111 Ml '^1 4 V iu‘i J_4->iJ 

- dJL^bSlI CjLV^Ij (^1 ^ya JuV^ Jiii'W ^1 Liiij JUU 

yA " . <"* '>* 1 lO * yA l-JQ - 3jj.ai>A 

yA^ .4_j.^>Ji -I HI •^H Ij^>L^ iy^ '^J-^ ^A* yA \^yJa^ Lc ‘ij < 

yA La (jJLLift (j^ L>^ ^jLje_a ^ A * 

{ji 'yU 4—j-C.J>_:^t 4 ji^ll t d J ^ ^^ 1 ^ " wl 4 _!j1 'r a '\* 


(^V) 




Genetically Modifled stem cells l^ij^ 4 aajiXt 4 L^:L^f iui^i -1 

<*‘tj'»> L^juj ^ i4-^jL^l jl^G 

4-a£.J_:^ll L^L^I ^JlA ^ ^1 4l^ ^Ij-Ll ^jG 

|CJ i,^^)ia£pJLl 1,1 III > 4 JL>.j 1 jijJLi tjrt-^-U 4XaL>Jl iIjLi-uj^^il Ljjljj ^JulII 

jjuJI ^ 1 i^~t ^Kiinj j,.r<-^U ^juiJLI L^LkJi 

^1 jLaj ^ 4u^j)ilaJ> 1 ,j-a 4j«u.G 


^_jjj iijLjii Ij5L>ji ^i.i Vin)i 4_5i£^^ j i gVi 

1^ -^U 4jjLt ji L5L_>JI (JLji^jl 4 jlg f _ 

JL£.l_i_uJ LoS^ 44_^i^JI jt ^L>tJ 4-uljJ 4 _iL4-^ ■ ■■ ■ 

. \^y^ Oj-^ Cy^ t-UJli.! jl M-yl 

L^ ojjb Jt liIIjj L^L_^I ^^ ■ ■■ . 

"*1! jl *4^^ (_y:w^LjLll Cy^ 4_^L^ CjIj .gfi i^Lall 

jLu ' 1 ^^LaJI 4jl£.ij3 5jl^ i^Lj^il tSS"' “‘^_3 

Cr^i 

4 ^'v^L-aJl djLLl ^ ■ 4 ■ II ^T1 4 j' ayi _ 

pUax-b udij 4L-iIaJl - 5jjL-jt-a olj-JLfl j^^Thcrapeutic agent 
V ji Jg tj Therapeutic transgene J>-Aill ^>LtJ! <iya-A 4^jt 

. 4:>.L>JIJ 4 ^ILkl \ L , j (J^4-U 










L)bUl ,gf^1 t^l>M 

L^j) aA V " I iij (J/G_>.1_JI t~ilii t4 j t 4 jl*^! ‘“*'3 -^ cl>^ 

iSslf- renewing 1 ^ m , \y ,v 4.^iSJI ^jla 

^jU^_u3 ^ O^J i, V m -^1 ^IjJl ^jl ^ iX (_yJLJlILjj 

. jLi-u->Ji 4 ^Lj aj-A 4jl^jl 3^L^1 * ^LftXl 

^^LjiJI 4_j. f J •>! 11 4 jl ^il ^ ^ ^ C>-4JL.V ~l <nl 

Lo^. CiULUj-i-u J!Lo jjb >^1 ‘n'^IL 

«CIY)) juj^l j>j»Jl o^j—« cP-® Liiajl C iA. y V“ 4. t l 

j-jij-jx u^j-A LiiijL^j severe combined immunodeficiency disease 
Fabry disease^^^La *Fanconi anemia Gaucher's 

Leukocyte adhesion ^ _■ ^^jJI ol^ ^1 "ityi ill liUj__^j 


j-A _Lxlj Jl>- ij-A gj-jj 4 n\\ mil (_p3!jMaVI idcficiency (LAD) 

4 J c.li '^1 L^L-^t i'tAA ir ~i ml 1 injl . IAjj) J^-L-uiIl 

.HIV-1 jj^y\ 

iSiii^U (Ml 4j^ 4^1 Um 4 I ,»Ai 

(J 7 II LA^?dl 1 4_^JL>J1 L^L^I ^ 

: jL^Tu^iVi 4jS i 1 uVl LCrl^t ^LLA L.>^ 4 J 


Hematopoietic stem cell (HSC) j^ muM .trAt-k .lyi i 

oLLljkILj j^JiLJ 4 LtthtXt L}M^dt |>li ^J^oiauLi ljLj^I 

aj ^ ^ ^ ‘ *'7“^^ ~ ^^dj(JI 4 ... _^ 

jj ■ |»jJI tL lU pi ■ H J 4 jj-j jJi 3 j^JlII 

(_yij 4 jJu (j->a ^c^jJi .SjVjJl jjjjJL_>. (JL jU^Ll (^j_i-uJl 

(.JlII \ 0 _ ^ pJlLJ 4 _l£.JL^ 3 jl>.I^ 4 j-L>- <L) JL>-^ j| ipLlajd! 


^J j 4 1 ^ ''‘' [|_j»^ * 4 tl tl Ji A 




J-«_>o (j1 Jlju 4_Lo CjJL- i-I jjt ,^^>ia£;JLl 4 _^Ij 5jL»j ^ 















iZiUjaiL v^ll UliiJI 


(Jj-SuJlj «.L^JtJ1 j^JiL! 4 .^_ul 1XI 4_aX.JL-3«Jt Ij^*L.^1 ^jJL^ 
t_d^_L^ t^l£La Sj_iii!im^ ^ Ah^.t I i^jJl 3. nj, if. 

djLiilJlil 1 i^ijl (j^o-uaj (Jj t, La g,'^!! ^LftJLI jjj) n j 1.1 JnS ^ (j-u^ 

. 4_i- 4 1^~iI * ■ ^ 1 f .t 

a jl" 4. d ^lj-4 jIjS" ...VI ajjLall L^JlI ^^^JlII 4 nuiU 4^JL^i -V 

Homing 4 .^jJIj i^jjij 4jj^L^ tMhat L^t VI ‘ 

(L^la CjcI:^ J^ ^ jlj ■ -Vlj ^ J^LaV 

iLymph Nodes 4j^L^.4iII jl-ujlJI^ ^ XU^ ^1 ^ ^ ^Uajdl 

L^ La i1jijJ->J c\ <>vr.Vl ajuh ^1 ajLlc^ 4 -l^j^ ^^-d j^LiiLjj 

. Metabolic errors JiiJI cjVU juSUI Jlia • Jli- 1 >« 


Myoblast Muscle - forming 

istem cell 

. ^jU AxulUI 4^Ju^I L^LSJI JUj . <j.aJtVl <UjLJI Lt^^J 

cr^J ' ^ ^ ^1 <L^mi ^ ^ ■ ""j (JjJU 

4_^1 1 ^ all i^sL^Vl ^a jL>ijVI .^i.>> • 11 ^..^..^.u!) 1 l..A.I.i..:w iL^jJL^ 

.4^ (^jJI ^^^luajJI iniU ^lyXaVI IjL^^ i4Ja_pJ,l 

i4_i_j_i^x. Ij^L^j i^L^Ij 4j^J 4 jf.jU •II * ^ ■ ■■ '^1 \jJt (j1 Lcjj 

SjjjJl (_yJj (Jj_ju3^1 3j l nil 4J (Jj flUl ^LiJl 

cjM i^ijill 4j^£Lll 4 _^jl^1 Ij^L.^ 13 t^LIjJ .4j liAill Lj^L^I llUj^^ aj^^jJI 
(Muscle dystrophy ^_^L>itII J1>J!: J!lo 'Uo\j^\ ^Lu 
(N eurodegenerative diseases *^i JiL_»AVl j-a] 

L^ 4 l\ Si\^ .^lUj ...tlj ^Inherited hormone deficiencies 


Neural stem cells 

' t j“ 1 jj t-U 4.^-^ji_^1 4_ilJLJiJ1 4 __^jJL1 

JLUS L^A_^I ajjb ^^Ii:>.^Jl ^ ^ »■! Jl 3 ^ t^LjtXI (ju&ii 

iGliomas 4 j SijJI LjiL_>JI (j^-L.VL jj t^JLl (jLls^— 

















‘kit dbfiaJI 


Ay I Jjl M ~i tl i I i iu \ t < t 4 3_ui'>Jl 

4^_c. JL^Jl Lj^ii—^1 ^Juu i^jja I (jiJL>-LJI ^1 VI . 4 j 4Ja^.>bII 4,^j L.uJ I 

1-U^ i4_Lj_jl_4 '"*1 ^ tj I *^j) I * y^ iL^ljj 4^ 

L?^! "a- j^i 4 11V III '^tl ^jL>- ij ^\—LM j-j r- j-a 




sf ^ 


y. JL^J . I ^ I" S J A JjUoj-i-iJi IjV-^ ^ I \ Sfc~iJ tfj_^JLJ t_^jLll nUjMiT L^jlj-J 

^ 4^LL3j-uJI ^JLI ljub 

uU f I ^ JLt 11 *=* J ■ * tl 4 -LC JLjiJl 

^ /. A • (_yjj cJludj 4JLc. 


Bone- forming stem cell (Osteoblast) 

jl ^UiuJl L>^ j-AjJl 4 L« ^Ji_^L>.LJl lIjV^I 'ic a 

^ 1 tL^ljj ^UajlII LV-^ 4 «< irf^ll 4-j^, i -xll 4_jIitJI (Jj. \ t~< > 0>* 

4 t n \ i^U IjV -^1 aJJt I^ t|^|p>»ll j)„4i„it j^\~3tS tJ-A-AJ U^j^ 

j- *dJujLj^1 ^LtaA.!! j)-4.j 1 gL(_.■..j .-Ls...j 

tfjjjL^ L^LIa^ ijl tjL^ 3 ju>ij^ll t^«tl IjV-^I _A 

JL^ 

ulili ^ entail ^ i»iA^i 

(JL^ji 4_ijj-_3j L.E (Shields j *ij ^j.SL^ T • • • ^1 1 11 

'jJ 4 JjljlIIj Retroviruses 4^L:^jVl 
(U-! 1 Jj-jdl OJl_^I 4 j f Jl- r^ I _ gJLjiJ.1 

JLi-jV! 4jI^f, Cjjlzk .^L(_y_ijVI dJUJui; 4jajiiw Lr^J 1! 

^ ^**« A 4 .^Jl^ ^ ^ » “I (^7^1 v^ll"> (jX- 5 ft 1 ^ 

4 JtJLj LjiA_>. (SjV^I JLilsV jJ ■ ■*■ 11 ftLftj 

J ‘^^J jj ^ 1 ^1 ■ ■■^«VI 

4jLl-d jl 5 jjLj 4JlJL^I ... ^ iVl 4 a • tl Lj^>LAdI 

^IjiibJLj^l d "iJ I *- * * ‘*^ -^ ^ A L"i i! 1 ■ ^a.1... ^ iVl 

(_^ljjJl ^J 1^11 ^ 5 jj_^Lll 4 j r >.v '^tl IjV _ ^1 ^Ju^ 

^ ^ SjVjJI ^jJJ ^_jSLll Ij^l^dl 


















V^ll LUiJI 


^ 4 ^Uf U^t§ rtii ijiAif ^ U jUt 

QUn^U q)UII 

Marina Cavazzana UljLa.^ LLl)^ Y* • • ^LjJI _ 

f^^LiJLl _<-aII ^jl << 1 H ,JL_>.jj A <»i^Ja -calvo 

X-linked sever combined ^ ^_^_i_ 4 _uaJL n jJ,\ j 1_>dl 

<1a ^ U-a iiJajXLi 0^1 4 ijrdiiaJ (_yjj immunodeficiency 

j^l 4 T\ OlJu ^cI^jlII i-dJjij 1 a Avjl g -w ,j m 'h > 

Lr^ *■ df (.7^^ 4 1 ^ III L^LiJI 4 It nl < ir ■“ JJ UVlJ 

<GjLjUa1 4_3C-j1j (j^jLuaXt JL>.) ^1 VI - L^tl ■ ..J^j- ^llj J~X .]l 

^JjJlJnJLI 4'y jj t iC^jL>> ^^^1 4^l^jljVI ^JL^ • ■ 11 Ij-C. Jl^J )^LUj.j-uJIj 
if^j-t-ull ^Jj_>Jl (j_4 4_iJLJI 4^x.. 4_J4^1 £jr^ 

■ V I U *41 JL^ 4 I tflnli l)I (jr^! (J^» dl 

fju llA (j-^J 4^ C4jJu>- ^ 0-^3 ;_^L^ La 

t^jJJ ^^SUI ^^ilj 4 ju»L3n 4JdL^t ^ ^ ‘i-^tt 4.;ii^l JLicIuMfl ^* 1 ^ 

Sj i5 .fl cUJL^Ij^t 4^^jL»dl L^L^Lj I^IjUlu^I f^A 4j|^ 

. 4Jl!LJI uillj fjji 

3jJL^I L^JlI <j-a^ 4-ftjLdt 4 _j_C.Jl^) Ij^L_^I ^I ijj * ■>- 1 <11 - 

C* ^4 i «ajl jJ 4Jj^io 3 jlI, ^Hi-Ll (_7lC' JoLo^Jl ^1 4 jjIj-4j^V1 

3jjl 3J1 l^jd^ 4^£.jLj^f L^L^I Lol ^3L^iL^ ^1 jI 


CjUj-^Lj ^^Ltil Loj^ j^^3 *^3 ^ '"'J 


^aill I ^ L^ LT^ <ilXql 1 ^ ■ ■■ ^ * Ll^^l i djjIj. ^" 

l^_^i3iJ^I 3Lp» (_ya^J JuVl (^j tj3ill ij"^l 

Ijl^j t4J^Li-uj ... 5_iVl 3jjLj L^l tdJdLdl 4_^.i '^1 L^L^I ^ j■""~ _ 

1)3" (jT^il i^LsJLl 4jL.4_pd,l 4.jL^o_^i kijL i^JuLuaj (J^-^ 

L^ LH fjyJs L^L^ Ijlaj . l_aLui-3jl j "i ^Vi Ij^L.^ 1 a^Lu^l 

U "JU- * i ^"< il I^\ d JL <r ^^-.-^-1 Lc^ j *1 'f""^ p ■ -3 i" ' d J JJ ’.-!>■ 11 d J 4^ 1 ■fc.U 

i^jj^ ^ ^ dj ^ L^L>> i^j'U^L 

^,\ V"( ml I 0 M ">■ Ja nlL La IjUbj • L^ ^_^^LiJI J.jlAI1 J1j1jL->>V 

^LjI *'^11 iSj J* '*■^1 d d j fL.L-^ll L^L_^1 ^LaJjtJI 

4jij^-(_u 7* yjX\ cuL ^i)^ i alL 1^~ iLuaj (jl l^J-z^j i jJ-a->Jl 



















Vkitf 


(J I 4 4-^J '^fl VU ai,V V~ i <tl ^jja 4^L£. S^LoSu 

L^*! _ 9>JI ^1 \jJb til j «11 Ij _ M _ .djVjJI i^jjJ _>- i^j_ uJl 


4^LftJl SjJl.^! L^ djVjJi fj* iSj^ jj ■ ^ 

.4jMi‘v oJlj La i^l iiid'iVI 


tciji M ^iLj ^^Ljl!! 4J^LJ1 ^jlU 4_LuiJl 11 4 jr ju:^! L^L^t ^1, i -V" <kI _ 

Gene Silence t"i a ^ *“* 4 Kmi^^ ^ ^ ^^ 

|»JL^ ^A 4j| i4Jl1LjJ1 4^^Ju>J 1 4 jl^tl I <n~ t 
J- J ,‘ * l^. i u\ Vj a a4^Ju ^1 ^L-oJLi ^j^^'»1! <^JL-3u 4JLiL^I 4 jl-^!l 

^* Aj 4 j (^jJl ^• L.^n t fjSjjtjl ^ J t 4 ^I cdLlj^ -4 A\ 

V] .^LiJ 4 i J U J 11 ^iJs J J a~i JL^ uu^jJJI i^jjLwaj (^Ljm 

4.^Jl-^1 L^L^I ^ 4.iCj^l aJJt (jl * 


ju»«-^l ^Lijlj UlStVl LiL>Jl ^j-cuu Ijjt _ 

LjjiJ 4 J '4^1iaJt . 41 .!I UjJl ij\.t-.A ^LJu ^1 i4J^i^Id 

(^A-SAJ oi JL^j^lJI ^- . ..^> ^LllJI ljUbj 

4j * “■ 4 ^l J ii I (j^Ld^ *((^* i '*^1' 

'J «Lij 4 ^ ^jJl tTelomersse 

3jjL^ 4 pjjt '4 4.^Lc. 4_x^ 4£L) ljub 

a 1 ... S'lVI 4 -wTI A i -^Tt <1 4 jJL^ J“^ ^ L^jJ l»Lui-iuVI 

4 ^ JL'^ll <j 1^1 Lai .LaLoj tjl^ I 4 J ^oj^yi Ijub lLdLi^ (^j~i I II A jj tpL^lj 
11 L^L^I (j-^a-AJ 4^i^im 4_^Ju^1 4 jL^li 4JLlL^i 

(Jold L^ i^j-^ J j~H LjjJI ^Lt3 i^j)~i I *i-A 4 

1j^» ^ ^L>^ bi>‘»j Lo^ iLii^i 

_ (_^ij^l ittX 1 - Lljt£3 j-oJlII j! ,j^'V 1 ^ 1 ! 

^Lj 4 J _^JLJ 

'4 J A^/l 4 ^ i^i ^ ^ ~~ 4 4_j_C,Jl>JI ^ *^L '^tl _ 

4 J«J * 7 *^' A^^jL^I 4 jl-^n 5 j. i rt A (Pluripotency cjIjjl^I 4 ^-^^ 4j 

IjlSj ."'^11 _ Lujta^ _ 5 H L(^L>JI 

jl Jx3 ol L>4 4Jj^^ LliljJl^ LajIj ^Lui^Vlj ' ^ ' JuJLrM 
































gUaJIj'jKjr tiUidl 


Jl^ ^ cIjI ij'^lLj l^l jL3t.U-ul tl-i^ 

i^jjb 4^£.jL^itil 4^1^Ji Luajf^ t4JL]ljJi 4 -^JLjJI 4.^i^1 V 

5jJ tS.^_gJ t a 3jJL ^Lui^Vt ^ ^ ^ (3^^J Jj 

^ ^ 'j 4 j 1 <i r. » (> «l-u V tjubj .i.iUj J-Lc. t |4J 1 ^ i m n * dllju 
j ‘ ^ ^l—>JI aJJb (j^ j-i_j_*JlJl tjl jl t^JLdJLI 

(Jl^t ^Ll^fcj 4j^^t ^^ix. ^ itjLjf l^^UojO 

^* ^LaIx ^1 

^ t 5 ~ J ^ ' *J 1—^i-lJu-i-ul ^^^^1 j 4-) 4_J.U_L^iJ1 ^1 ~ I - 

. Lojlj y <I^l^JLj^ diV^Lbu jujLftJi (J.4XJ 

i^jJJ 4 .u-i!u^1 4.jXJl^JI 4-11^11 i4 JlILlJI d ^ tl Lai 

.^L^JI O^jJI (jr^ a^ * ... A j ■ ~ ^ I 4-j^L ^ ^ ^ d U^aI -fc.1 i 

4JlIL^1 4.jC.Jl:>JI 4^1^JI ^\ a~i f VI i nil ^aXl j i" IjUfc^ 

^ ^^\ tijLiji>JI 

^2>»a Juuuj^l 4 jXJL^1 (_^Jx (J^^,4rfa,>Ji - 

4il£J1 ^1 udjkj JL4J CajLb .^JJLJ) 4^x.j-:^I L^L^I i->JI 

(jJxAJ tLi^^-AJ (j.«jaLiJl 1-4^^ (_5j3 4jL>FijLJi 4 j^1^I 

tT* iT* (jy^ Ij^L^I ^jlA ^aT* ^ t^^-kuJl^ L^j Ij^L^t ij^ 

lj^L.^1 L^I .4-j_ul:^l 4 t f.-L-'^ll kiJJju^ 

Ij^pL^nJI djL^lj 4 JlJLj ^ j JLjvjJ 4j 1 ^ ^nI a*v 4 t4-^l—Jl 
*L i\ 4 i\^ cJlJI \ 0 j:fcl ht II (_^-^ ^jJJ ^^.£111 

_a LlJ Lo-A t^_pj9^.1aJl ^JlILj 4 jL'L c^l ^ 

4 jlxj I Ij^L^I JjL^JI ^aSL! 1 I jjt (j^J Lj ijii I l^j L' (Jj) 1^ 1 4^^t 

^ >j '*■^1 ^-*-!1 4j.c jLjfcJi L)^L-^Jl ^ 

.4_^ 4JL!LiJl 4.^xjL>Ji Li^L^Jl ^ 

l^ljj JjLAJJ *<4n" ^T 4J 4jfjl*^ll 4 jr I V*^ll Ij^L>JI ^ j oVt - 

udJj JUu ^ - 4.iJlj ;^l - 4j^i^Vi.a ^1 o"* 

jL^ d ~tt d-jiJLjJI Lj^L_>«it j^wLA ^1 jJ^ 3^3 ' ^LLi-^JLi 

d-j rL.\ y.\\ IjV -^ti L^Ju^SLj jii A ^IjL^ tOJudj 

d-ji-^n ^jj>^_po Lij! (^! to^ju^JI 4 .♦.^ A jj.X• w \_df'd 



6 ^ 
I (>d 























^j“*• ■'•** j cjL) (j I 4.j_£.jL^ Lt^L:>> 4JiJI—Jl 4.^£.JL_>J1 

A A. 1 Tt* 11 a j i rt**.M i j * A L. 3 .nZ 3 ^ . L^Lo-i 

^1 .!! <LdJ^j 4jl 'jj “*~'j ^ 4 jWU 

■ M ^ ^ 4_ii^JI ^LSK^j^ 3^L^1 f^jjA 

K.6vin (j*tt \ ^^^SLgj Y * • o ^Lc. 

4 -^ i_^i iSomatic cell reprogramming ^jlLw 4 _iLv 4 -je-o^ S-sL^j (>a 

^ j*j'. 'w ^ ^ ‘l 4 (.^1 4 4 j gL \ -^ 4 4 U . .J^ ' i4-JLllj 

^1 Somatic nuclear transfer 4 _iJL 4 .A^ 51^ Jij ^jl L-^ 

(J^IjJLI 4.jkJL-JI 4^ 14.U jl_^l '4 .^jj . 11 ~ \ I It 

4 ^ •Ml j L~t^ U^l khjJLj>. L^ IjL^J 4 j ‘j 

j ‘" -^ U 4 4 L^L^l 4 .j^Lla jf 4l>aLjc4 ^_>U" ..." (.iL)^ _ 

^ -^tl 4 —>.>i1^JlJ 4 t 1 , ^ ‘ ^ * IjL-^-B ‘ ^ j ^ i 1-^1^ ^L_ 1 ->>V 

. 4 4.^X.JU>J1 4 jl^tl ■ •* * I^ ^ A ^ 4 _A| ^Judk l^jl^ ~ L^i 

4-3i-L^ (^a-4j «4j-^ (jLS ^l^-i-w iJflLiJI 4_^ljjJj 

^LjjI ^jJL.i.M-<a 4Ja^_ji_,4 t ^ i.L^ S ^ IjlA (j.iA^ • LM-^JI ^LjlXI 

Ijub V ^-jJoJLij i4j 4J.A->*Xi ^jub ^Louj ^1 jlju ^LaXI 

.4jiJLJI 4.^JL^^JI 

^_^dA l_^1j_^ 4jj t U 4_jjLjJj>Jl 4_t_f J-:>Jl (jl ^ ‘^ *' J [,^*—*■» 1-4-4 

(_^1 • JLui-J^l (_^| 4.^JLsJLt i.liUAJ3ei] (J^lj fLc,^ LoLgj 4 , . ..I il I LjL^I 

jlJs LiUj ^4J ,4JiJLjJI 4 ^_. i -^!t Li^E^l t" * L^IbjLa-ja JLi£. 1 ^C Ci-*» 

- L ^ I 4 1 - 4 I 4^r‘_ Jl>J I 4_j 1»J 1 j 1 j4 (j.4 lL! LLa 

O^jJI ^4 Jl^ (CjIjJl^I 4 I j.r>L^ 0~-^ flVi II 4 j" > 

LjljJl (j-A Bjuj.^ t-y^ L^i>-lj * Teratomas 4^L^^-*-« ljil:>- j^Jj 
^-LiL-o jK uttl (jA ^j_« Vjl_jj *4. _iJLJl 4 .n ,r. V-U 

^ ) jL^J.j.uJlj 4l*i4 1 

j 1 (J-fll^£. jt Jojj_»Ii -5^-:^^ (j.4 JuV (jL^ t<-£Uj (J^ • j>4 

|%L_C ■"■ * 4-iiJI_Jl t '4 j«ji-^!l 4.^_CrJLj>Jl 4_il^Jl |:^i-L-V “i t III 


























v^ll bUiJI 


LMaJI |«lA^U cUiiJi Lb > 1 ^ 

«• • 

^1 jlj^j 4 j!<t• t aLaISJI ^IjjJI^ ^bJI ^jjlI.1 

dJLi3h Ljuaj ^ ^1 ^' “_^ ‘ ^ t((^j'^jfcL! \^0ctor ^^^LlJI 

. (J^ _3' iJ^-^! ^j''t*.* 

*(_yi1111 <] <—fci uLlll^ ^li 4.(iU jjj All! 4.a>ijj 5j jSU .T 

iLjLuaJll ^jj.tijJi j1 ijl^LlI ^1 ^JlaXI 4^^jl.>J 1 L7^ 5jjSU -X 

^IjJLI L_i1 1 1 ^XLiijJ! ^“llU 4a^jj lLUj^j 

_ftji ji ^LJLiJ ^ ^ -i 


^ ^ *L^ ^ 4 ^c£Lx-lil Ijl^^ i^jutli 


]\ 5_jU^i l ^^Therapeutic agent 


.^LlII 4J4^U 4^1(-JUuJI -0 


<^U^b SMait ^ a^l^t |«la^l 

f^jja ^ t \ ^^.aT> -nj ^JJb ^ JuoJLc? 

f l,^«,lt i .g ^ t3^L2->JI 4-dj.JLll f^j£. l^JiJJlII 4h^\^ 

4j^jji^ «ljJt ^1 LajIj CjI idf. 

4x^1^ i^L%jVi J^LuJ.) cLajwLIJI 

.. » U 4^Jl^1 L^L^I 3^^ 


iC»[jkX>u3\ »JJt jd»J 

^ oIjIlAJ J y ^ 11 «L2_Ji djJL^I CjIjJL^I ^Jj>l'» a _ 

cUiJLJI 4j^Jl»JI 4-4-i-u .5 A ^L.4^1 

(-dij Luoj) ^ t4^1jjJ1 L^-^iii '^■"i ^Lal LdaL^.^ LjJL>tJ 

. Jj^ iZj^J ^\ l^M-C. ^ 4i-ajil 

^Li^l (^IjlJLI 4lj4^JLi 4^£.L90^V) CjLmj^^aJI Sj-Lai^ ~ 

4_al^KJl 3-^ '^3"'^' ... !^'iVl 4 LoL^ L^jJ ^j “J ^ J>«ll 

I CjLi_uJ[^^i^ ^j£. **•.-*■ lU t idJ jJ .^ajLlJ 4^Jjilli 4aC. JjkJI 

lIA -“■J[^ -J ^ 3^ ~‘ 5_iVl di^L^ _^1 ^JL^ ^3 ‘^! 

jl HIV 4 I in ~XIt 4_icmi 1 ^ laj Lentiviruses 4 _^jljJ1 















^ L^ji VI Adeno- associated viruses jjjil] 4_p.Lt^l 

^ j — 4jiJLd1 4-^J '^H ^1 ^^1 ijuk • aju iT) 

^J_A Jjl jjJaljJI jl ,2Jl_jL_a 41 ^ ni I j vC. 4 JL>. i^LljVl lIUj 

' 'J ^! L4J t j A 1 Tt j2)| l 1^1 i 3 l_l->dl j_3 ■“■ * ~ cIjLIjL^ 


(^jdl - i ^ -\ U ^ V (^1 JlIj V 4j 1 -^ L^ 4 jl'K 

— 4 I<ni I lUiiil I 1 ^LI ^Jt ^! ^Jl^JLI 

fjl dLL^fcU ^ A L~il. jJU>.Vl .cJi^LJaiij Vj ^ L* ^ 

Lai ) nrt il 1 j /. Ij LLaLJuJ jl "Vij i^Lal du^ i*‘<Tr n 

1 1 J ^ * La^ 4 \'i A JL.^lh t ^ J * ‘ “ ^ 1 ^ ^^iij 1 f ^^ ^ ^ ^ 

(1>L^ (Jl^l «-i-ILijl S JLI JL>. SLjjdl 4^ I_ IJLJ ^_^.^dl J^LsCJ 

(JL^jl 4_iji_ LAI udJjjj ij^jJI Li^4_^1 V| ‘ ‘^~ VL) (CiL_i_uj^j_j.^1 

.^jlU sujSJli uiui 4 ^:l^i l:^i gjiai j^aui 

^jil Sj^jSLLl 4 jiJLJ 1 4_^jL:^l Lj^LiJI (JL^ ^< 14 ] t 3 ^ ^ ^ 0 ->-LJI jt jl^ _ 
L^Lu^j l^Zijjjl 4-5 j^J<d (L^^l \jJjj^ L 4 ^ jj) (jjJ 

^ ^1 4.fl 4v<%jl jtjJd 4i.A>JLl ^“tl ^ ^JL^ 

Lt"_uiJ ^^LlJLj djjJj ^j_jua3j ^ 1 * t^LSLliJJ Jl1I^_1j LAj) 1 a (jl 

(jl Vl .(^1 jjJl 1 ^ ft 4 lJo L^L^l uy^ij J-4 > ..11 (j-«_5^^_^l 

Salk LdJj^ ^i^MA ^ _ 4j i.^Ti J^o-sVl Ij Inder Verma - Lo^ jjuj 

4 ^ ^^1 ...^ iNl ^ajLlLdl ^jdi <^i.Miill 4 ^^Jl:^! 4-^1>iJ 1 (jt fj_4 
4 ^ (JldLa i L^ jj 4 V) (,7^1 4Ja^-^i Cjij j^ll 1 A iS .Aj jL^ I jL^ ^1 jl t3jj)U>>. 

ljjL--LJl ^j^ j^\ ^ ^\ Jj -> ;li 1 i 4 Plasticity Su^jlUI 

j\ 4_^ CjLjLj ^jJI IjjL^ (j^ ‘ ^h4.j La ■■■' (_^ 4 4. “ 11 

Ijlc. L^jJL£ (_^J 4 ^ ^ ^ 4 J faf^L^ . I fl n~i Luajt 1 ^ 1 1 j JL3j .4-La L^ 

fj3 L^iL^jl jL«J 1 A, vie 5l j>«ll 4l^l^_AJ J A ill L^jJlilJ tL^_uiAj JkJjLM 

4^1.Vr>* La^ 4.i.i<i(J!L4J 4jj-v (^j (Jj 

NlarinaLIjL_A_^ LLjLa 3j^_j_£^jJi ^a i juj—J lJI (^^.^mi jj—aJI _ c. 

(^ Cavazzana -calvo 

- j n" . '■ (JjaK"i Aj (J^ i~i > CjLuj^Ij ^jLiJl L^aI jjbZu-uV i^JlL] 






















tjkJb ^j(I11 jjJa LyV^ ^j^j^ 

^ ■*j (jl ^j‘'■ * V L^^Lua ^^j^j-3iJLj 4 -^Ll^j i^LftJLI ;Jj i 11 

i~. ^ IjlA ^ ^ -lJ ' 4J a ^Tlij V j_^LjJ1_i_^ i<Li_ii_^ 

^'\ ^ t1 oLiLo-tJ)^ ^ «iZjjLJBj ‘ ‘^^^ 

^L^lj t(Jj)n<U i J^ tl^_i'>iU fc LT^^J ^ 4 j^Ll]I 

^ ^ 3^ t“ull (11 4_Li-uJt OLlt Llrf*lJI ^JL^I lIILlA 

ojL^ Ijj L^L^I ^jl^ -I III-w 4^Li1I J-^o _ 

JL m >ill (^1 I ti I I ^1 Jl I a I f^\ tijl . 4.J^ ^ >»T ^.t l/^ A 

'»! ml a. U^ I 1 'ir jjnJ'K cdLl^d JjJXjJI ^^7?^ uli 

Li IlIa a (.-uj^-C (J-^ <^1 t I (.r^Lc ^J$ Ly^~$ .t "i > a 

Jl3j «.L^ t4 i ui'^il L1_^jl! j^3,.Mt 4_iJj-C. ciJLi^ 11 I iii^~< A i^^jjjj^ 

<-(Jfcj ^jLa CiLa^Lc. j! oljLuiJ jl oL^K 4^ iillj i^-jinJl Li^ 

UJUi 4. ^iCJlj^I L^L^kJI ajJt O-iL^ ul*^ j** q- ^J-3 j 

3>-^ Lxt |»jlJu Jj-^jJI jukC L^L^ ^‘> t^^lUiU 4l«->dl 

jl-^g ^11 I^^Ll I •~j L7^ *L^ 3>j_iA4 t~'l ^ ...Ij j! iJjljLiLJ 1 -^-U,.. 

Jj 4.>OJ 4.J1 <t~t 11 l^l LqL^j Jl^LL Lojl^j Mi l ^^Llll 

I, i*>. i if. U.5^ 4^L4£.I . <Lnid) IjL^J jJllm 

aj^ CijL^ LoI . Jj^jJLj 4Jl]LJI 4.^jlj^I L^L^I ^jl^J ^ jujo^j 

^'t" <" V 4^^L)j >■ 'j^lLili 4-LftjH.ll 4_ftJLJl 4 .^JLjJI 4a]jHJI 

L iCaL^J Ijl L^J iC.U^3dl Ijj l^l ^1 i ,.\ I II'^li 

Major Histocompatability proteins 4-je_i^Vl 5 _. ... I .Jil\ LijL^jjj^l 

tjl .»M jj)*>■ tTI t-dij L^J t4JiJL^I 4.^ijJI ; (MHC) 

. Lcjlj L-uil^ u.>^ jjJi (4^1 j 6jja jJI cJjl^ 

uj-^ 4j.-aLej vIaj-LJI John Gearhart wjjLa^-^ u>^ 

eiijL^j in t 4 jfrLlIl 4 Ki» aU V^i>> ^1 t4 

4.J..C Jl.:^! L^L^I JajU-v ^ j J Lr^ lLLu ^Li^j 

CjLLujj-^L 4_&^L»» cljLij.^ 3 jl.c ^ ^ Jaj* iSjh^i jJj L>iJi 

- cjLLjhJI (^i _ iiMHC 4_‘^X..W1 i^sjLsaJi 4 _jIjv • j 4 .^~n 4 ^. ..1 ...Vi 






















1". A A jjjLlJl tl)^ ‘ <Ldll5 

t.*'i'a‘ i) ilnli ^ tL^ LiJjJ jj^'*’ ^ Lh^J * iSj} ^ ^ ^' ■ *1 ij ^ IjLA 

^jQ \ in'i I 4 11 tiLm 4_xuJ.>JI 4-^ jLjiJl Lt^'L^Ji lLLLlJI ^^ 

i ^ 4 lui iiLm d .‘.ji^tl 4_i^JL»«JI ^JLA Jlj^G ^ .,4_j^lJja 

j f 

1 ijlUtl 1 ^ U >■ 3 ^ 4 Jl 1L) d j 1 -w L^L> ^1 ^ 

1 j-A ij-a tj m i -k I (_jjj 03-'^ gUj frl gia 11 ^jl Jl^ S' ^ (j^aj^—JJ L^_jiajtjj 

n Universal embryonic stem cell 4_xLc. 5 ^ 

. 4c.Lilt L>* ^1 

^ItiiAll (j-Aj *4 jMi'^tt 4 jr V -^ 1 byiiJI LT^J JL>»J 4_aJ - 

L^jjJbi La^ j 4 ' (^t Ij-Iiii 4_iLjJi Jl^ .iZjLLlj^L fj^\ Lr^ 

t jjt* ^\ fc.i ii i ^i 3 jj, i'sU j-^ .5 

l^li-jj jlI^ Teratomas (_j-^-<-mj ^jUaj^ ^^1 J}j'a-T> L^t 

(Jy^ ^ *4 <jc j,.^! 4aL^I fijJt ijl iij;J^ (^jJt !^LJI jl-^1 

Ij^U_^I ,yA 4i._in in V.. ,<■ a »^,L4.4 ,^3 iTcfatomas 

S ^ l^ tj ujLiiJ^lj ^MaJ) ^lAaC, iJjiej Jj-U.»^ t4.>,j,4j,‘}Vlj 


4_JLkJl 


4 J ■ t . -U d l-t Sitl A.i ^ L7^^ 0^ L-x3i'l Vj 


J^£LcJ I (JjAdiL) L^V (.iiJj i^M-^JI 4.J ij i"KJi 4^C.JL:^I 

•^3^ UJ-^ 0 ^ a_L^ ^j-^n ^>L*JI (j-3 1 ^ j lc- ' M fa* * o’ 

'< 3 d>^l (jr^ LiaLo! j (^1 

^ ‘ ^ _i TTi k *1 d ^^UJi 4 jf .i -^H a^AiJl Loj gf.j 

^~*t^ . " ^ A (J-»>-) U^J_UJ t ^ LijjL.>J L^J) I aJI j^J 'O >J t^l *11 

^LoIaJI cjLi-uLw ojL^j l-iSL) '*■■■' Ull^Lo ^ o^ii^LJI 

.^tl ^J^uLAa}\ o’ Li_uJ 1 4 ■i-t.tl d jlj^n j 3 .su Q-CL^LJtj 

. >■■■'*■” (LiJnC.! LiJat^^f 4.j^JL^J1 4jl4.tl ^Ltj l U^jd (.bj-i-u 




















.^Jl 4 ^LLa i^j ~ ‘ “ '^ ^_pol a V tij oLL&L>Jl 

in (j'^->- cjI m '^TI ^Juib j ^ M)t L>^J 


^ -« 


Aj^>£LJi CYP 17 « W 

^J.4—■ J La^^I ^Ji..i.4aj (_2r\.,:^1 tjudb -j^LiJi 

tJi3^J.5^^ Ly^! JjL>' ~ *--*-“- i - ^ .>^^ ck>-^ 
jA-cL1j (J_5—*Jlj JL-iui—^l ij^ - U^ 

tj;;;-:>.j .^1 Ja C * ^ J-^—>-6-^ *(_>iL-AJ—a 
1 j I In 11 L^J. V 1 a (JjL)^J-^^^ 4 j 

3^^..jj£JI ^ ^ “^j I 11 Aj9’^''u 

■=* ~- j" * iLajj ^jCLlI \ 

^LtJl La^^ . 4.ji^ 4In.t jjn i.lUjJ 

3L-a 1^ <.rm. -a^u ijji) oL^ ^^yjl^1 

uflid £. (_^ L^j9jI^ ^j? 1^1 jlc < 1 ^ j 4 

3^ 1 a ^ tlnn 4 ^ 3 j^_a ^Ln« ,<In 4 a.1^> 

U^j La^ _ ^3^^ (^^mi jL^^I 


^ UJ3j'>3 ji 


II ^AJj~a 


, > 1.1^ 


^4^C»U 


















i ■ ■ . ■■ 5jl^ 4 j1 lI^ - 4-C.LlJLij 4_J_£,JLJ^1 4.jJ_>Jl 

^1 ^ ^ ‘ ^ (_|jL-UiJ ‘-*'^^^ Cjljj_>Jt ^ ^ JJL^ '^'*'** 

Ji *(J-^ L>^ tCjl 

(1)1 ^1 'ij ^ti ^—^1 j—^(jl ( 

L^jJI ^Lui-iVl c^LSu^ ' ^ d^. * '"“ J^JJ^ Cr^ - ^ * '^J ^1 
oJlA tU (_jJl (Jj-CJ 4 M t d Cj\ ij jljjt Jt t") tfjjjj (^JlII j-A 

. <-^1^ l^ (ji liflj ^CJL^I (.iUj (.^J 4^j Jj 

(Jjljji LiA^t^^SUI >>■*0 ‘J t^jiil j^£UI 4.SK. j^3 

High Density Lipoprotein 4_kLiUi ^J^\—^ (>AaJLj 

A 1 A, i <»J Jail (_y^ Aj!i 4_jJ_I-UJJ 4-l_C. t(HDL) 

4 LI'W ^jii li >4i'tl L^l)-h Uiil 4 .l^L^ IjlA l1jJL%^ ^(Iv^J-^^ 

.43^1^ (.dJju t fclSTI ■ li t4^ L7^ 1 MflJI (, jj i^a" 

^L>JI J J) A t * *1 4 (^1 Liu^.^ j^I^uLj 43| Jj tJL>«Jl Ijla JlLc. u ‘ J 

^ ^ ^ ^ - *« ^ i*^J ^Li^yi 4-3B-ivifcJ 4^LjkJ1 

]dJ^ t A3J1 oLdI J^ ^ A3?I Ct^Ii jI (^^.^-ji^l 4jt_uaj JukJ 4 jLi^ 

<j^j^ LiL>. jt <u>^lvj^ti c*jL^ (]jiijLi<~i.A iJ^-iflj Liaj 

JuA 3l J ■><h jiji A J III (jL^ iJ-A itfjih'j il iJJLIA 


_ ^.^.'1 ... H i \ tV -^tl ■ *1 » I ei ^ . ..I I JaA.j>iJ 

J.4-AJ CjI Ij T^lij ( t Idtl CjI i i 4-^^h Ai (_^V 

'J ^JlA 4j9^ t a tOL3jLua-4 ^^')l t jlall JU£. 

4_j^jLj^j 4 jl-^tl ‘^J‘ “Ai Lo Lo^ i^j L^ 

kLl3JL>> Cjl-ix^tU ^ ^ J ^ iaII ^«HiJLj tS^yjbLrv c-4-:g^ 

.4j ^^iJLl (JiiJi wn'il , jjy3 ^j3^J ‘L>o \gl^r (jyS 


..lU^4j|lfti 

3jL^| julj 43-^1 4_«Ja3JI ciJij 3 Lj->J1 3jLc.I ^L^-IaII La 

c)~^J iCAl—4 , V 3.4 ( ij s^ "t-tu" V jM ^jJI -)j-Aj 0^->> * 1 

43^1 Ij^LiJl 























uXaJI 


4j ilrttl ^1 A^JL^I 4^L^I ^Lclf. 

^ I u d~ij I. Ij « > “r m ^1 1^. t i y) jl 1 ^jL'. 

^ 4 J ^ 3jjJ_^l L^L.^! ^Juk . I is (J-^^ L7^ 3jLjJ_:^i 

' Li^i^ ^1 jliILi_u 1 »L»1* tl t.£iJjL) . 4^r JL^%JI 4^1.?JI -~*- ■"^ 

^^LjJLt^ 4-»-J.i.iill Lj^i^iiJI La^ jt^ Ijlj^ iJ^4-*j V 43^1 

OjL£^ L«^ i L^JL^Lc Jj “i <.n ^ t 'l3Ji 3 i f 1 j«“ .."t 

^ I ^ j 4 L 4 J . I. a "W ^1 JjL^j i^Ltkj i^jJi "1 -fc. 

» ^ I 


^L^Tu 4-j^jL^Jt 4 4—1^^ ^ j 3 jC ^^^Ulil ^ Ail LLul^Lj 

L-^jjJo C( if*,„«iM ii4 (JSJ ^1 .v jvj -v..^JI L^j)\UU ^_jU 

4,^1 j <i j^U oU^^LlI 4 ijj t A j >4 M t a 4^.rf»L_j>. 

4ja^_>«JLl A-dLiJI 4^-^-^^^ lIIIjl^j ^LaJIJI jI i^l..i.ii..3ijVI^ ^.-«iJ1 CjI^.,.3,.j»-,„^j 
f_^jJI 3 V"H Ij^Lj^t ^ j^^ jjLstLj i^jlII t-illj iL^'L^lj 

4 J .4.^£.Jl:^I 4^1^11 ^1 aV) 

• 4.<^i^ j « ^ j *"‘ li" ^x.A 4j^ ^ A 

^ 3TI ^ I \. -^n d jl-Hl c^jJiaJLI p^ 3 * 

4.-^l^iJI jJjj-^iU jl^^l Lj^'t_ l-3^ 1 1 ^jl ^J-j_Sj LL! JuV 

31^ ^ L?^^) Cardiomyocytes 3 j_i^LjJI eJiJ) LjM^ _ 

LMiJl) Vascular Endothelial cells 4^jVl ZuLLj _ 

^^\ LiLiJl) Smooth muscle cells frL-.JII 3 A.:^ >n L^LiJl - 

.^4j^jJ 1 4^jVl jlj^ 

^1 L-ilill pjJI jc-jua i^yJk (t_jl3]l 31ua£, (_yJjVI <Ui^l 4_(Lilij 

. 4 3l~i'><I 1 I Uu-^i f. 


















V’alI kuisk }I 


4Xu3-jLll 4_LLi-JLt Lj^L.^1^ oU j ^ ^ LaI 

(3£;-La (jUilj ifrljLJLll^ (^ -rr i < <1^11 4i r, jljuaJ urA^ (<;L*-aiIl 


'*■* OJL_%J ^ ^ ^ "W Lo^j) 1/^ ^ 4 _j^j1 

^ Hcltrcimi A. p. ^ ‘I^jlI 1 Tl L)^Lj>> 


d ^tlA Li^L^ ^ ^'" dtirdiomyocytcs 3j.ju^LsJI t_jJ-3Jl Lj^'L^ 

‘ ~ ■ •**■ " > ^ ' ‘ ' “^ C.J-L3JI ^Jja lJlIj L_a L^ i3JUJLJ>> 

C7^ <— j-^ ljufe •! ^Jui.11 ^]/u1j.JlJI JL^I jlju^l 

l;>uji 1*1, li V“ I 111 4^Ll]t L^L^dl jA“ 11 \jjb 


uiM ^ xi» 4^14* ji t «;i| A* M 


> 1 1 ^ ^ '>UI jL-^ 4 ^ 3-^ Jlj'^ U^ iXUj 4_tjjljjJ 

4 j iw^MjJI (j'1-j»11 Ju^l LjJojj IjLfl .^_^_>J1 ^jjLJl L.^-ajLajjI 


^jJl (3^^ LLdLdjt JLo^ l-Jl 3J1 4l,j,^.t ] ^JjiJLl 

jJb >.iJJ j (^.l-)L4j (|*jJIj 13_T 1 ^ juu Ischcmitl » l_£ijjij La 

jj^liV) ^ 41 iiA if. LM-^ clj-jiJI 

.* <13 II 4\iJn r a 31->Infarction ^l— iLjLzkVI ^ "t i_^ ^ 1 ^11 

c_<-l3JI aU _uaJLl /.O ' Cjj-^ cl i^i ~ ->.Vl '"JJ 


• LxJ I t) II a ^ L* ^ L i41 ^ 1 


MUii ^14i^ eM ^ uu^? (t^i 

Y* • ^ ^L_*Jl ir .Jl 4—3 j^^—(D.O rlic j^_j_^jJ 1 ^LLaj_i_ul 

I laic. Lo^ (jr^J ~ HSCTs ^jJJ 4 ^<^iU 4 .^£.Jlj:^ 1 L^L^Jl ^Ijiic-o^l ^LaJj 

CxJc—iJl 1^ d 3 — 4_aJL ^ ^ ^ 4-3^ (3^ Lh^ 

LM-^dl aJLJb ^1 t(^-3JLlJt ^ ^l3ti jiJL->- 1 A^fS ^ ijLdJ 

1 juj .t <1 all L^Lji- ^l_9Jt Cj^jLcj Jl^ i^jdJ 4_L-*fLii,l 4.j c Jl-:^! 

4jj^Jl11 4..^jV| 4 1 u ^ i ij 1 ^'lA (_^^1 |*L^dl jl^l 3^ ‘ .131? 

4 11>| 11 JljJLs^ 3^^-^j 4ji af. ^".*3, )L:w JL^ 03^ .3Lj.^dlj ^JLOJ 























L^JLq-i t"itj,^i* ^"Lj Aj^jaJ 4.^^t f^j-a 4^1 ' Lc ^ ^ iL.^t,l l .l5]l 

4 . ^ j *< <Q jJb «»l fii^llj 1—uajlj 41 < JLj i ii 

4j_Lia_aJl /. "VA (jl Ju-^l j— j_>JLj ^ .I’i i ,a 

^jl Ld^ (__>faAjJLlj *4 <^jl I It 4ijJajLJ Ji'Lswl t±jJL^ Jl^ t-jldJl ^LuaXl 
^t (.dJj J ^ ‘" ^ ^^j.2_>Jt 4_^L4-^ ^Lil 4 -jl.iuij ^ JljJu>> IjlA 

jIjLj^ ' d~^ 'jj ^ d ' ^ 4 jl» f , \ >,1 i^JlU 4 <ti<ll 4^-C.JU^I 

4^->JI L-J^l i^jji ^oJi^LiJj t ^jC~“ <* »jt->• 11 t ilSil 

Ls (J^Lj 4£.j^JJL 1 4_j_c,Jij^l 4 j 1 JI ^1 ^ ft * JLaj >~id"i ^-5-? ^ 

La J ‘ ■ --"j 4-j^ (~i~i La t ^ ^ ^ *j "■"j ■ 4 j % j ■ L tl L _.1SJI L^L^ 4j£^G 

4_l^L^ 4 • j .L cIjI j i^ljLuVI dJLA ^1 LcJj 44 _l^LL lZjIjLu] 4 1. ..." 

ONA il_i-L^I L^L>«J --L^a a .^j ^ ^ A 

Cy^ Jjut^ iCjIjLLVI i^U~,t *-<J'^~ 4^j|jJJLi 4 jC. Ju^i 4 _ilLII 

1 3jLJu^1_^ t^l.i.t,.T<-4.nl i^yi 3jLdi!uVl La 4.^^Vt 4 *i-4te 

(JIjijLajj A 4^ju^1 U^L^I L ’i A^A L^LL> 

Jijw t 1J) ^ *4 ^,d jlj ^u-ldJi 1, A 4 tCi 4 li.4 L^L-^ ^1 

. JuJLi!u 


L^Ua 4 ^Jl1] 4 \ .^.4 A 4_flJL L^L^ VlJt j^J 1 L^'LjJl ^jjA 

‘L^ A [_^ j A4 j f^LjJl 4JlAj )c_.ildU 4jj.sm L^L^I t"il^d 

i A-^ _ ^Plasticity 4 -ij^l /\ ^jjdii 4 _iJLJl 4 \ L;>L^1 

4^jLdJlj 4 JlILJ 1 i^JL^l L^LiJI 5jJ^ _ ljLjSLII Ijla l)-^ ij^ 
t rth V" Lj5L>. (_^J Jj) Tr ~!i (jaUqjlJI (_^,-A-J L-A ) lA*—* ' »-l 

.(^.-lIaJI Luk jll LM^ LaLoj 

m 3-^3 (jbJJu^ 0-4 i^Lal (3^^^ C7^ ^ ^^ 3 “’ '" * U^ 


(^^^3 iLk^^^ui^j «-Lu 3^ L^LL ^jdJ 4^.^.in a j4^ i-*■!! L^L^I Jojij ^ 

ISL4J 

3-i_3JLuU |aJ 1|AJl 1J 4 < t I 4 J ■£ jLJiJ I L^'L^JI 0^ L^l «.. 4 1 ■mil 

^jJ) 4 -i^L^ ...SiNIj 4 -i^L^ oljLil 

^1 'v"" ^ * T * ( 4J-V •>• Aj 4 -i^L^ 4 * J ■ o1 j 4 j^ 1^ 4 *1 J > + fri^ A "k JIj 

4^Lu; 3VL 4^. .'g cjIj1jl3-i-u 1 oijL^I ‘ ■ ■■' L^L>> 






























^ VTiir^diJI 


(j| .t Jtfll ^ jjj TT “n 1 ^ ~i 1 • ^ u. 11 n U *> j * 

^ t c. ^ " 'vj ^ ^ ^ ■ ■ ■■ -^ ^ ‘ 

JiJJV^^ I ^ 5 ‘ -l"Ju * ^ ‘-*JLj .' * J ^ ^ ^<—1 Ju ^J-A j '" f JL^ t <U£. JL>J I 

4_^L>- i4 Jl-^I 4 j i^il iJj . p. ..M U11 <" 

jJ j-Aj j-tJalj ^^i*-llj -(jj-A fj7i j • j ^j^ J fl"t j ' ■.. ^ i 

_ 4^^^J 4.1^ jA.^ _li ^JlJJ 4.J_JuJlU 4_i_£,J_l>JI Lt^-j^l 

(^1 cJj ■>■ “i I _ ^Lla-tJI (jA j! ~I a 4_J3_-aJL!l SjJjJl i-jJa 

... fi. I j-a^ j fi I 


Lja i^j^a'u jjl jljl K. A. iJflCkson jjj ■ -jj~i C s (2)SJ 

4.aiiJI (j^Sij fj\ (_^jJ|j-uiaJl c>^ it «rtf cr^ 

^ j ^ d" 4-jfc-j^ it—4-id ^^1 i^kjJJ <Lj-.uuJLI 4-^£JL^I 

~ l)^J^ >LI^ f^2j ^1 aJlU ^^£La 4 ^Jl^ lP-* t4_i.iiAj uJ.^1 

(Heart attack 4.^ i-aji L^J c-jo^.! jla o]»LS . iJjLfl ifc-4iV jl 

((.ii^jjt Jjud LaJ^ Lpil-A^aXt u-lI^I 4 iC j->J' L^L^l JJ 

4^iajj!i ^^Luft t - T Juauj .^Lil^i>.ll 

^li^U ijIoLllI jl J^j 4jSLjIjJt ^JA A^IjJljj ./.t^ ^L^l JL^ cJljLa 

L^L^I Jjjo 5 ^^4.7 A 1 _Ja L^ Infarcted area ^-tstl 

4 -iiiJI i * j n > Iaj.v jua a Vasculaf Endothelial cells 4_!»iiaj 


~ t^U jC^l Ci.r.jj (j7^1 - ^jdJ 4-14,» Li I 4 jx J 

L_d^ i(JI^ litll I JA J^jJl jjLl^ 1-^J ^ I^UaA 

C^jj i^jJi 4luklLf c^£.jL>Jt 4^i^Jl i^ilj ^jjs JLod La t—J^l 

3j.^-d (^^iadLu I JA IS^LiajJl LilLiA — t— lLoJI ^ 'i ^ *» 

IU 1 Djj I *-a 4 IjLi 4-fc£,J ■>JI 4_ii^l 1 ^1 ■ ^ "■ . oijLiyi 

^jdl Ij^L^ ^JlU 4.*ii^l 1 4 _^Jl^I aJJb j *' n""* ^aJ 1 jLald 

jjI— ui 4J J—U3X. 4Jua i7)l Ijl J m JL.4.^)) ^ajj^LJI LlJj^j 

.((j_j.a.>Jlj I iillj fri i>^r Vl 

4j! i 1 JA ^ j i II rt~t i.ui?l—t-iUjL^j t*]j!jjl (Jj""^“i9 

t"iii t iJ Ij^Ll^ 4 j 4 (."jnl'tj oJLaj i4_i_jl^j 4_41 jVIj i— iJ^I t ij L-aJu^. 
f^jJI c Al~i!i IjA ^IL) ii\*). \ iC Lj^L^ tTid Ajjj 


■‘J^^ J> J- 



















CjL^ 


LijIjLui ) 41 jLftj j\ 4^1 j4j^ 03^ 


^ a . Uj -*■ A ^ ^ L>^ 3^ ‘~ t~ ml 

JLi-ii-^1 4£LL^>a f 1 ^ ^_3| ^J-Jl 3d>^ (1>^ 3^ ^''" ' d 3 ~ ^Jub 

^ ■ ■■ 4SlL4-d ^Lio-tJI i_x^ ^ ^^13 ^ * ‘ “3 

3^ (_^jk-j-j-^l 3^ 4j^ t^jJJ 4 *Lwiilt 4 ^r..V—TI ^-:±-^ Lll^jt L^‘^^3 

3-^ ‘_L-<.iaii 3^ 3^jLi-^1 4 M i~i_. ..V! CjIjLJuI 3^^~ 


UdUJ 


i^l^l-ilu^l ^JlIaji^j ^ ‘ ‘ '^3 * jLfauJsJ i 


^ ‘ 43 ^ A' IjL jk^.i_uV1 u£ii^^ uZjl^i_uV1 ■ ^^" ‘ '■ * ‘4 j ^ 

4 j ^ ^ 4 ^1 ^ U J _ a^\ Ot lZjIm ‘^Tl ^JL^ 3 4 ^ Ij^jji 

3>j>Jl J'—*-^ 3^ LJJ-“^^3 **‘>j*~ ‘“U jtc 1 «..4-^^ 111 A (j-qJ-a 3^ t4j3^jJl 
JjJL^ (jji^ (4J H I I5ll ^jjj >• tSi V y illj 

tSmooth Nlusclc <, <\ nil Ij^i —0 'w (44 »^U 

w 

LM-iJI Cardiomyocytes iVascular endothelial cells 

... 43a Jloi^ Laj 4^ i-kij LoX. u32Jl 3»a 4^lll1j 43^1 

^UajJt 3^^^ C7~^3 4* tl 4 j f Ju^l L^’l^dl 3-4i g ~i“) ^ 1 jLl Lai 

^ L^1 (_^3 — 3^ 3^ i-4^ - aUj III) L^L^ |^1 

3^L^j . LyL^ ^1 4:^L>- f^3 ^jJI 3i 33~^ i-tlM i" ...I jt CjIjL^I 3; '‘'" 

. L^lLi^ 3^ 3^ 4.4£/SJ1 4 ^jj^1 4j1^11 34 -I ^ Cy^ 

^JlU 4 L*ILi 1.1 4 .j-C.Jl^I 4 Ijl : 3^3^ JjLij } JlJ 4j| JL^ 

(_^IL>. t li 1 ^ <^3-^ 3^ 3^W4 3' ''I** (j^—(_y^ ("iTjj 

3^-^ ^ ijLoi^ Ic-ilAii (^1 34 ^ 4 V 1 ^ U.J^I 4 1 ■>><- 4^l^1 4 ^ U> ’. 11 

jjJo 3^ ^LLxjdl ^JlU 4Lfc^ii1.1 4 _^Jl:^ 1 L^L^I (.iUj 

3^^^ 3^ jl.jSLI 1 t, «\ flTI ^^3-^ 4.^1—i^J.1 3^^^^ i^I aJv"j 

ajujuw 4j^iLj^L^ 3^ 4jlgf ^Li TT) V i^Ujjj 3Si i iii-^n j^Li-u 

jftjJJ 4 *i .^.’tl 4 ^t ^TI Li^Ljdi jjLc. 3 ^ C7^ .« iLl^J,! jL—dit 

4_ji^ c_aJi ^ 0 „ ^ * 3^ ^ **^^34 3^-^^ 3:^*‘33^ 

IjlA 3^ ^^^3^^3 * -^3 ^^3^^ 4jjIj 1—^ il 1^1 IntU _ >- 

\ cH-^^3 *' < ti'^Tl 4jtiLd1 4 j^ Jl:^ 1! L^jull ^13-)1 .g^ 



























3 4 I^hr'i a ^ tx /11 ^^jJI 4^ 


;vi 


^ ^ i i^jja 4^1 ^“ '*‘j Loj ...itt jL_4j tj^jdl L^.^]ji ^j IIIiU 

4_^Jlj^I 4-Lii«U ^1 ' ^ ^ L7^ 

4_ii>. ^1 Jj-3j 4 ilSU IIItil 

t4_4_u_dj (j-4 4-1 jJlj *=t — -V ^ 4 j^^_4-JlJI 3^J ~ 41jL-2j 

JlJ-a ijub j^\ 1 ^ y l^^3 J < 4 j f J-^l 4 ji Vll 4 U « 

^ '1^ J ' " Cr^ cZjJl^o ^1 Lol ■ ^ ‘ ^ ^ I IjUb^ - (^ji-^.xJI 

^ ijL^ i Ljji^^ ^l-ljjJu C^jJI ' -.istl 

3L^jVI c-LIjI ^jLjlJI 4 A -^tl 4 J 1 '^tl 4_il:^l ^ 

4-^^^La 1—^1 jJj^ -^j 4 j f.jL^^l 4 _it JL- :^ ^ V .^J_3J1 

^ jf 4 Us ^ t t (trttl 4_3J1^1 ^ti t~ I 

4^jlj^ 1 4ji^tl (jl (Jj-3j ^jL*Jl Vil i_;h1jj j-aLjjj ^^^ 3 ^ ^3 JLAJ 

CjLjl,-ii,i-^^ij t rtl" II ^L>> 1 ^1 A Ij^L.;^! ^ 

1 jubu^atJJ ^LaJI tj it^r^ jj U" 11 iju& .3,u,i luTI 

. ^ »>* • * 4 lA ,«) V ,V ,«,«-ifcil ^LiiJI ^ ^ .4,*) Lj4^^ 

< j. y ^ 11 t*,tirim~ ^? Juu ^jL^I j^jja L^ min jljbol i ^ i :y J uLUjJ 

^l~nrj Jl^Ij ^jLi-ajJ 4 il4 <jl ^ 1 jlj . L^J^ ^J^3 

- ‘ ■ t. .^ tt IJ£jJ^ 4 jf I's.tl 

*^1 III tVi jU-^^ Lr^ (3^^J V’L^^ ^ (j^ {^3^ (j^ L> ^ ^13 

LfMiJl M. F. .Pittenger j^tio Jj^-x udJIij 

Lt^iAjx j. .". ^11 eJi j_> Ji3 c.fcj>o ^ i^jlU 4._i^jl.9sJ 1 4jj, A itl 

^'t .isn L^jjaj 4 ^ ^1 jujul)! U»“j ^1 ^Vi 

L^L^I aJJb ^4 I i1a 4^jL} ‘ il jL2 

l^yj^ CxjL^ 4 a V iJn"lH ^.jJLaJI L^'L^ *^3-^ ^J-4J L^l 1-^4-^ i4_jxILlJl 

d>d5^ liy^ L_^l Lx-^ t^L^ill ^U i ^ 

.('"') ^1 <1^ ^ ij>U= l.,.,al UJ^V^SJI 

^LuljVI ^ "i!t J^^Jo <^L^A.J^i 3-4J ' J * 

^Ljx^ ^ 4ix_&^ t,^^_>>LbJl ^\ ^LftJI (jL^ 1 jl^ 31j ■ ^* (.>'^ 

c-aIxJI ^Jl_Kj ^1 i^JuU ^j-SLll 4 _sJL_iJI 4_a—^ j^^>J 1 Li^'l—^ jl^ (jU 

























i-djju Cy^ ^aL>Jl Ijla 41^ 5 til 4 _l-.1j .jLlI 

JJl^ (_yJl 4_:^iL-ii. ^1 “ -*• j c-tl^JI jjl 'fc.LjJl 

4.jlILjJ1 4.^^Jll>J 1 ^J-unj ^jJJ 4.LJajJLl 

Ij) "n. ^1 .‘^jjljlII Ijla ^ ■ ■■ ^ *V1 <=^ ‘ 

^jla ^ ^"t i*i~i iSj^ (_y.aLSJl jj <J1 j.^ 

(jl 1 S4_^L1JI lj^_^li {ji£La ^1 y'‘* 41aLc. S^Li-L-'^l! 


u-k^_uj (4_j^Jy.>JI Li^L^JI 4jl.lji^ ^ Jsil Lj^L^ JlLa ^ 1 

^jjl 11_(J^l Li^Lj»i> t U tt ~!1 '^tl ^Li_i 3jLc,t 4 _jL4~C- 1_ilL_u 

^_^L3JLj ^"fl ^^1 t .LStt 3jij_^ Lr^ ^ ^ ■ ^ * 

3La>>._^ 4 •:r ii^ 

1^ 4_ ^jlo (j i_ i u L^ ~ V ^l^J! (_^ 4 _i L j 3 >J1 4-l£LjiJLl jjl 

4j_^SJLl 4.^L^1 4-^ j,_"K.l 1 (jt (3-4^ S4l^i iilij cjL-Lldlj..3^l 

C-ijL^ cjjl—se-jJl Liilj «^l_)_l-iJI LAjjL-ua_-a jjLS Clil^.,1 V ~ I it 1^1 ^oii 

Not homogenous L^lj^ jliJI ^Ila Populations 


LM-^1 lILIj ,jl 1^1 ^ 4 i^\ < t AjLtiJLo j-J-C L^-ftjalls (jt 1^1 

g aj 5 iAj^^I 4^jj_ft_4 J-O-C ,jl^,l„3.H ^M-jlU t,Zi,x„2,■%. 

L7^! ^jJ-l 4_aCjL> L^'L^ (J^ju 

4K .^. A ^ LiUjLj . jLA.4iJ>Jt i l_^ j_^X,LlXI 5 *^^1 ij^ 1 3 

CjLajVI <i A I -^ ~ . ..t t 4JtJLJI 4..j-C,J ■^11 d_ji^ll t it -^JI A^\ A 

L^l Ju^ i4jiJL^I 4 _^Jlj^I 4 jl^IL j ^^Lx. j. 1 "iJi"i 4-j ilall 

4 ^ 11 "i-a 4Jl)Li 4-^JL>> CA>OjL?tJu^l L^ I jl I ^ .‘-' **• * ^ 1^ ^ 


• 4j^i^Ij jJU^Jll 4 ^J|^^JLj 4 jl L^ljj 

4_^jl>iJ 1 4_i^4.sti]l 4 -lLv. i^jJb cij*^ Liilo-A L^jlj 4jl V| 

I_Liaji Adult Mesenchymal Stem Cells (MSCs) 

3jJl^ L^jJ CjLJ-iIi-i.iiJLl (jr6-^ .4-C.llll 4 IS! i»I j >“■ J~t i^Ldl ^llntH 
^1 U~I J~) L^1 L 4 S 4 "iU l^yL^l jujudl ^1 CT^ 

. ^ ^ Lg *? ^LftJI 1 i < 1 1\a“ **. A 3^LjqJi-o 3 jl)JLX tJ-1^ 

jj-g (j-sa_L3tJiJI (_ylx fj g t" azacytidinc — 5 g ■ n") SjC* 4_^1_ 

(j^ I ^Ji tgj —4_j_c. jLJ>dl 1 g CjI ij "w (3j-^ j U 




























‘^jr \Tiir6.aXall 


t 1_d,l su (J ^ 11 CjI ij ^ 0^3 - (J-^—tJI 

Ij^L^ ^ . i jV ^tl aj^A |Jl£LuVl JUJljlII l^c,Ij 

^LoaJI 4-dyu^ J-^Tl 1 j ja*)"J ^ ^ i_.J^1 4 j l^c. 

^ Lj^L^ ^ ^ 1 Aj *^ t—i* ^ \ tfj-oi ^11 

L_^1 1_i -w it fl flii 

4^1 Cj^L^ 4.<^L^ ^it ^_^^LlJLi ^1 ^ f^jji C^.l t^*i I »1 

"‘ • ^ J • ~ *j i» 1^1 l^r. (j-A Ij^L_^I 

^ (j^J bla^UI 4 K oi A i_dj__^l til til L-a ^^<LjlI1 

J^-^I Lt^ ^ d ^ ^ ^ ^ . ..t 1 J lIjI I LajIjl^I 

^jLj (JjtAJLj i <j I jl 4J <i4 cliL^jlj -^li \ t"i I i.i 4 jjJ i“i 

^ c_J^1 ^1 Mri"fc.lj ^ J <^^ 


Human Embryonic stem b^ii^i. Y 

4LiJ^ S_A “M 4^j.^Jl U^L^I ltAJ 

4jl^t (jLj »4.jIj^, 11 t' I 

jL^ ^jJO ^ g ilflii Oj. j iX tJIjl_La^) 4 j-C:JL:^I 

4^.j^Jl^^J 1 4._ii^J1 iJL^ll 4 _jiJL-lJ 1 4 j f.-Lj^! 4_jl'^ll 

^ ^ ^ * J ^ "* ^J'^J ^Ll.^'W J-AfK. m J1 4_jJjJ.^J| 

LI Vj OGj ^ LiUj • L^jJ ^jjmfl~llj L^^J 

iPluripotency oIjjl^I cu-ual^ I ^tu\j 4^ ^ a 0 I 3 -X 4-4 1 ^ j ^ 

^7 4m" L^I j_j~i•>■ O^ 4 4 J c,J uO l 4_^L^1 ffJJb ^^3 

4_^jj^j^1 CjL2-iJaJ1 LAjJLjl^^ 5 1^ ^1 L^L^Jl ^tjjl fl “K 

t ^t"ll ^^Ljkl ^ ^ ^ ^ IjjuL^^ ^ d * 3 j y * J ^LjoXiJI (J^-^ Ljo 3-^3 tihi^LiJl ^ 

,0j.^ ^1 4'Vj“< I C-A^l 4 I I>^t 1 (J:XJ (^JlII 


-L3C-L] 


4^ajj^3 Itskovits - Eldor jjjlLI ■ ■■~7 j^j^jJI jl^ 


4Jl^V| ^ j j ‘ '"■ 1*1 m >Vi (jyJj 4 jijf ^U 4 j-C.JLj^1 ^LiuU^I ^j-a 


lAjA-Jua^ (^1 LM-JJl j_a cjl * A i ^3 i(Ebs) Rmbryoid Bodies 

i>jL& (j\j (j-oj ^ J r< “>* 11 i-iUjj 4 j^^j-^ 1 ol a 11^11 

L~iV ^ a.1- i " ■ - I 4-l:^Vl jg ^ ■ ■“■ 1*1 I a “V^LJ ^^SLLt 





















uJIaJI V|iil 


3^^—c.xL 3JI \} j 'I ^ ^ 


^ * «» 


AJ ol a <i^lji.l 




Lt^L^ . 4-4^L> 


^ 4-l^j L.Kehat <^1-4^ 3L*-x^l ^ji jl^ tCardiomyocytes 

1 j - OJ 1 1 ^ * <1.* T * * ^ ^LjkJI 

42U^V1 l^'V. 3j-L^ljLjl t jlSti 4 J aLs 

4l>-j^ oJljLa 3ju^ij|J) t, <1331 JjI 

Ljo jJbj ^ 4^^1aLjJi L^Lj->> 4^1ju ,_y^ L^l I j 1 11 

L^j ^j(i‘i H Cj^ 4jjj f.JLi oLi-j-^iJI 4 .j-T.jj JUi li ^ ' tf>j) 3 nl 

oj^\ '^1 ^ V (_^ljTranscriptional factors 

tL^-j—iiaJlj ^1 4_3 j^3j ‘~‘^ d J ^ ciUjuj . \ ^ j aljj 

j_^ Lc^ tjjJajJLIj ^ /iLri_t,i 4 .j-L>J 1 ^ g r ^3 j 4 jl^di 

^JL^kXI tjuk lSJ ^ 4.j-4Jbl ‘^‘ 4 .J-LU. 3 JI 4-j c JL>Ji 

. ‘ ^ 

CjL^jVI ^^<LaJ Ijujk 4-1 .ml-La 4 -a i><,.^ 11 C.-V ^U 4 31 (J.ji tv Lg Lot 

3jjL2& .iStI 4JuJbu*JI C..3,Lll 4 ..'»-xLj - 4a lidJi 

^1 c,uj^.«^1 (J^lj ^L_u_3jV 1 3jjL^ i4jJLJI 4 ax.jj^I 4-i^L^j LM-^I 
I -kL^I ^SLd-t Lg^ tijLjw 4lj^.^ 3^*( .31 ^ i.ji 

1^1 ^ ^ I oLojVl ^^Lc. 1 1 ^1 -fc- I I t ** 1 1 I t 

l_.jJ- 3JI L^Li. ^_yJl 3 TTj t—^ jL_>.l^ o ^jl ^ 

^Ijli La i^jJl C^^l (jlj (j-^ i4 1^ 4^Vili 

3 ^ t4-j-£.-L-:^1 Ij^ -^11 4-C.tjjj 4 _j_jI 3J1 4_^jVlj 

I 3j-^^l dJL^ 4 Jl3^ 4.C^-u Ol^ LfUjL) 

. 4 JJI (jjL> gM ^ t ^JjSBJIJ 

^L) j ^\* \ jl £jj[j- • ■"■ t -*- ^".Vl gVjj& ijj '*• 4-gj 

l^jkJl jl pLiiuJI ^1 ^2 a^jJII (Ja^q '.13!1 CjLajVLj 4 jL^!^ d ti3U ^o^Jl! 
4^ ihhdi LLsjJi-iIa (j^Lju tjJjJI jl i4ijLjL]} 

^ A i a A 4 j r 1 1 ]i ^Ij^JLuuVj j ■vL^I ^ g t <^ ij t3j g"i nt g 


CJ(:L:k Ijj 


cjLj->g5Lj 3^^-dl^^JLA ^ .' *^**^ ^1 u-3 ij 


- 4a£Ju^I - CjjL^ J^LiLjg (^1 4j 11331 4^jVl 

. (j-d^eJJ 3 j.aL^ 






















^JU^ ^ jjl ^^Jjl ^1 ^1 4 “I'i i J.A 4^1“ -r ) La ii-uJ^I 4 m* a 

.. L^LiJl i^A 

^^LjlI ij_dj^ ij .*1 1A y ■ ^ * • ■■ -^.<11*^" 4 -jx.ju!^i 4_a^i 


.jlluj (3^^ OJ^ O^ 4.i:^Li>i 4jTr- oLojV (jia^^juu (jjjJl 







18 


** « «» 


O—cdLi^ ijl tf.1 ^tll LiJjju 

_ Lj^' 1_iJl ^jla i^jlJI Ij^^I _>. /1 ~i 

L^LiJl _ 4JS^ L$^ 

(HSCs) Hematopoitic 4 ^ j.UI 4^ju^l 

iwj ^_^LU1 (3^ 0^3 Stern Cells 

<j (jy-£,j-uJlj (jy>- i* *^^4jL_aJ jj-« (jiajLj (<i4-U 

lIUj i4L»- A 1 al 4 j^-lZ^ju *4.^1 ^Lj_>JL 

^J-AJ (^y3 ^jdJ 

• 3* 03-^ u^ 


L^t ^n 0j>jb ojqIj l^ ^ 

^jJI Ij^Li. 1^ CjIjLoLi (_^,Jaju^ (J-«-*J 

Cjj t Ml 3^^ * >.1 j 11 Jl^I JlLo iJJJum*^ 

L^t_> ^1 LajjL^j I ^ ^L-iuj_^t i-illl 3 ^ ^ 

O—)L^ S 3 _LaJI I Sd AA 4-Cj n A 

(^3^^ (J3^ 1-4^^ • il 4^tl 3^ ■"■ ^a-ua3 V 

idlld mj I 4tJ *>■ (.iLoJ 3^ ^Cs id^Cc 3^ 

. 4^1 ^J ^JLA 



IIjlj*»JI ^Jua 





JJ- J 








(jl (jjj (jA - L^jjfl L,ta j _ i^JlII (jIdIJ- ot *illjL5tjj 4jl ^jU". ...'. ^ 

* Hematopoietic Stem cells |»jJJ 4 ^ .uUI 4 j f.,\ :^1 4_^UJ1 ^ 

V^M>. 1 Lolx. i ij-a LT^ “ ij^^il^LlJi t iAiJl 

** “ “ -U 

ij jLLaj-i-tJI (JiLo laj. L>.M^ CjjajJtJj-ul 

4 jl^ (jjfc V~ <u j IjjL^ J ^ I u ; l^jdl 

..Ua_4j ^jjl Ij^Li^ ^Ut") _ ,^^lj_iJ! tilij 4 jaI a oJl)"^ - 4-u»L^ lLi I X tljlj 
(jk. tL^! ^^4^ Ujt UiJ-M ^ 

. J-4JU 4j<ij^ll 4JajJL4 (jjJ C>^3 ‘4 ^jjLA (jjj ^j-0 Cj-flJiitkul (O-kll 

4j_4L£^ L^jJ 4_AiJl aJ^ (jl 1 *iji 1 •>- VJ 1 j_SjJLj ^ ^jt Jl-jj 

jjk _ SjJl^I ^JuVl 1 ^ jjdo 1 lUS e L ^ 

t (1 L^jl a (_^l (jjiaj *4 V" i U L^LiJl ^ ^1 

Ij^L> ^Uil ij\ L^J ua^ *4 li \" ^l I ^jJl L^LiJ 4 i n U lj 4 j3-^Jl]1 ^^ 

IS.,. IoSLaj 3^ 4jAlajC. ^1 4 j ii ^f L^lifc. ^! *Mi« 

fj.4 ^jJJ 4_lukLL1 4 .jX.Jl:^1 aJulb ^olc. ^ 

Ciiflj jl .ftg. I tlJLLjj t4 JLt a i»j 4. kj u^c lLIIjjI C*.>J^_tJ 

^jl£ ^j-a-3 . jJLaJLI Cj_ 3^I i^^VT Ciisj (JLoI jL n .Jitl 

ij^ JL_3 i4^lj Ij>L_>. J-a_« ^ SJljJl^ L^Li* 4jl (Jj^ 

^ IjlA <^Jlxj Jj Tr"ij t4jij i'^l a\ i«iH L^-k LoLaj ^ ti^ 

4*i Mtill 4 ^Jl:^ 1 Lj^LkJl Jj>^ diJiiw JLa Ij/Sj LiS IjUkj 

kLii^^o ^jL-i^ 4.^0^ tMko 41^ Vi A d I.b^U. uJl 

)4_nL^f. lj^L>. 4^ju^t a « hT I Ij^^ 3^ 

^ 4 ^1 oilU 4 .^^Jl^I LiiLiJl 4j ^ ~~i \ ^ 4 (k^l ^1^- J 

5^L_>. L-aajj 4 4 aVI fljL± ..Ljfcj La uiJLijk jjSLJ i<Lj.oLi. 4_L-a-Al c-j 

Ijlj (^1 V jLLuJl (_yLc, L^al. 

1 jjfc ^jjo Ljl^Vl J_y]9 _ 4_iJLJl 4 _t f i '^1 4 jl Vll jkLlJl t. m "T l ^1 Ljl-C 

aJJh Li^jj^ t^^JiiJ 4_Lj!aiJLi 4.JX JuJi 4_ii?J1 ^ )g* -^j ^jJlD "M _ ^ _ii "Cil 
‘ ^ ^ *JU 0^ ^ ^ 1-^^ ^jLA aj^L». i^jj^ < ■ c c*^jf (_^1 

; ^lia * jli-Vl L^aj^ V-iia 

.Hemaiopoilic Stem Cells (HSCs) {*) 
















p^l ijaI jo\ 

V L^l L^ ‘j 't" ■ -‘^.^ ^a.1. ^"a tVt j-^ vitro j ■" 1 1 _\ 

Lj4^ — 5 .^ ^4.“! 1 Lj^L^I i^jja (j^j 

.v.ii-!j (^uSif. C t^i 1 1 IjLscjI Lo^ 

Lt^'Lj^lj ^jiJ 4A.iiJXi 4 _jx.Ju>«J 1 4_^ljiJl J- J I Vi11 5 >J • .^ _T 

iIjV^Lsbdd <=UI irt U*ll jl j^jJl 

iL^L^I 1^ f^j£. j ^ (j-^ i^jJJ 4^1 •"uj U 4_j-C.J-^l j-MJu^ 

J J ^ J ^_^Uj.L>JI ^^aLuiII ‘ Az ^ A ‘ ^ jj ■ ■■ ^ t ^ '*l) ^ 


. L^L^I iJl d U ...Ij > 

jl i^JlU 4_^Jl>«JI 4jjjJl ^ljLiu<_ul _V 

f-ljJlj 'OJ ' '■ * L^J~^ 4 Ij • a 4_^LliJI 

• ^I'^^tl lIaIjI [^^Sv IhJI 

jj^t -^tl ^1 j-Aj *^^^^! j^i <*<dli^ U^ ^ A 4_4J 

^LSLII I arK 4 t^,t^,V Ai>a 4^1 ..jurnj ^,4„n a,r' ^Jiil 4^,oiill 4 j^Oj^I 

.In vitro In vivo L^' 


4^t 4«1UI ^iUiiSI 4iM 

t i ^ M 0 jkLsJI ^jJJ 4x.iiil!Ll 4.j^ Jl^JI cLoI^JLi 4..5jJLja CjjL^ 

.^LliILVI ^j-d 4"ij<t 4 (JJiIlJI (jLoJtJl 1^ 4x,Ji 4‘^.4 |»Ua£, 

E. A.iMcCullough j/4^jJlj J. E *Ti]l 

j>Ua£. ^ 4 a I» 4 jtjJ, Oxb^ju 

tSjLt^U I.Ll^1 4_.^a la 4_7 uII]I - 4 ^ Aj_u 

jJlj^ ^1 C*f.Ua~u.»l L^E^t ^1 4 jI^I ^_y^ J^a-LoiaJE Lo^Jul (jlt-j^j ^ 

^ L^t^l i&jJI >vjt'>j 

4 J t^n Lr^J ~ ^ ,‘ LiJlj^ _4J ^ ^ULL^aJI 4j L 4 . 4 J 

^ ^a~l Ll*i 4.ii~ 1 jl£j . L^ . ^ a 1 JJljm ^1 iu*! . 4 ^ < u m 4 ^1 4" 1 t i 

. 441j>iJ, I jixjJI 

E^E:^! L^ i4^j.oL^iJt 4ijuk ^1^ ij^ 0^ '^'^3 

In^Li-uj^JI f^_y^ E^E^I ^ *1lL>s^ tiiijLjiU i^jlU 4.LuiiJLi 4 JlIIjJ1 4._^jl>JI 

)4h'a-ltl ajjt (_,!>. -.illjj Jn vitro ^vivo 

















\Tiir6bfliUI 


'A \ f:. *11 ^ 

l^jLj |:kjJJ 4-jl>Jl f. L^il«J 1 L^jX. 

. 3jJy^l I 4 J 

.^JlII U•" 1 j^LglJI 3jJ^1 L^i -T 

(_^j Homing LajJj^ ^jXsjja . ^ttXaU Cy^ BjjlaJI L 4 J -V 

.Apoptosis ^ 3 X 1 4 ^coL>> >-^ 3 ^ C 7 ^^Jl 3 ^^ C 7 ^ ~ ^ 

^ _uJiVi jj ^ J ^ 3—1 _ ^1 J 3 ***_^ ^ j ^ _ 0 


5-^ 


Jl 




3 ^ 3 X 3 t4_L^ C.(3I ^_^jJI 

^jljJLl 3 ! ^ 3 jLLlt g J ^ 

.Plasticity or Transdifferenliation 

l^jI i^juLl ^^ .^. /11 ^ ^^ 1 a J ...I. ..s? 1 g ^t^ 3113 

M. C. Mackey (^l^La jjl>- I 3 gL^ca^l ^jdl 

(^JlLJ 4_L^^uJJLI 4 J CJl^^I i III oL-gl I II I, A.iVI JJuc 

Ao^ju-g i LgLiMiS.'il ^ ^3 ^ V L-g * L 4 XLI 3 JLJ jJl L^l.^ 

j1jL_g (^l£. 4_jI^ i-JiJl VT *3 )V* i^-i 4_4. " a (^JJju 

<K 

JbV i^jJI ^j g'v j>JL^ ^LgliJ 3 M*»i<ll (^^3 

J ‘t^ ^JSLIlj 3^31:^3-11 ‘ ^ ^ ‘3 3 g 5 t - 113 ^ A 

J^L-30 ^g^Lli (_y3 i ^ t J ^J g t“> (j^l t(_^_>JI 

iL^j 4.^3011 cXij 1 ^ 3 JLj i-^L^ j-LftJ 3 ' 3 I 3 *"'* LMXJ) ^jla -^ 3^3 

.^|...4£,mi lu ^3 4l3j3 

(^jlU <Lj-uuJL 1 4-^ JljkJI 4-jl3^jl i^Jijj^ju 4 .jL 4-^ jj33-aj <"tVC A ^ lLILIA 3 ^ 

: l^Ltt (J^ 3 jkj ^^I^Lj 3 

|AjJ 1 Lt^L_^ ^jQ 3 J jlj>. 4-iL_ iiJjj ^jlU 4_Lj!iiJJLI 4_i_c, jl.>iJ1 4_j1>JI 

ill i&JlII Cj 13 £^ LA.»a 3 i^^ jl 

. g 4^1 MUg 4.2 j^J^ >-.^*“...11 ‘ ^3 

Jl 

L^l lO^ i4.dl3.j^1 4 jiJLJ1 4_U‘ , 31 ^ JhJJ^I J^ 3 J Lu3j1 -Y 

S^jJJ 4liUl al^j 3 ■ ■■ 1 ^»A 

























d j ai I^ a 'VI Sj V S!t L^JlI i^JlU 4.^-uijJLI 4.a-^ Jl^-JI 4—iIaJI ^jl L.4-^ -X 
L 4 L 4 Jlj^^ j| 3jjLj (Jj Ijljw JJLjkJl <LLdd 03 ^ tj. ^tJl 4jj^l3 

(_yj3 5 jl>.1jj (|aLlsa_*Jl ^_yij ^_yi3 4aL^ LUtlt ^ 0 _ \ • jJ^ SjL^lj 4 

IPeripheral blood 4^jLjl Sj^jJI ^ (jji \ • • 
tj-A ^jJJ 4.1-iml 4 _^jl.>JI 4_^L^I IjJj-jkJ (jt 

dJUJU^ (Jl dJ-A 

c-L-aLlII ^<- ?^Vt fjLd i4_jjL!JIj (j-Gl^LJull 

4j^jj tj^jJI L^Lx 0^3 Cj^ L^jkljU^*] LoA^^Lid'tJ 4.>aLla-‘uul 

4-4^ Receptors ^ .“tV ^. ^ ~...ti 

Lu^t L^ L^jjt^ 4jl^tl L^ L^j-ftj Markers oLo-i-ul^^ oLa^Ll^ ^jj)"(,•>-LJl 

Irving Weissman fULJ! 4^ U Ijla .(_^lJ:i3i 

4Li^L3 (4^ JljOI 4jl^li (j\j t.*>L4.i alxA Ij, t n~tr i (4 j^L4j^ 

j..4-aJI fijM-OkJi 0^3 * l^.i JbJ.^ L7^ 

L^L^j idJjJjLil U^J «^3:>k4dl1 j-^ ^jJJ 41 j!^I 4^^ju 01 4.ai^l 

Lu^lj ^ ^jJI (^JlII 

^Lgoj (j\^ i ^ij ij - jLO^ljlib djijLg^l ~ 4jdlj 4,iii^„ 1,-^ 4^1^ |^l 

^jVl L^Lq-ujIj l^l, Vfl flj LbjijLgj ^1 jl i4 jl^_i^Jc!Lo 4 jl-^ ^1 

jkJjLicj i JjJu^l L^lSLufj < rth ^U Lbj-^gj SJjJlj:^ CjLo-uI^ 

• g-lgi4^1 (3^^ 


CDS CD34 CD59 



^j^ 3^ Cfig(^^) d^Lt^t 
















6k;&liUI 


^ ^ ji_>«Jl 4 _ii-%!l ^j) 1 ^ ^ ^JSLjuJI lO~* ^ ^ 

juu L»j^t (CD59 j CD34 (JLill ^^ 1 1»1 i cj 1 a <u 1 j ,_|4.^>ij tSjjL^JLa 

LjaL^j a 1" a cjL^-t-utj (J^4-^>ij ^LLja ^Lua^-J1 ^jJi 

J 1.^01 4Ja.j-u1 < ■■ ^I a 1 11 iZj t't ‘ ^ 1^ (1)^ ‘ * a U a“ a jjiaj iCE)4 J 

^a ._>> alJ jl ajLdJ ^L^Ll-a .a ■. ia a \l j^Lt-arwl CjL ^ iiiljjl dJ-A 

Fluorescence - activated cell iiAiil (_^I^Lj LMiJl jj-a 4 jU.c. jj/ls 

> ai tXa11 ^ai Lj^iI^ ^J\J ^jja ^jJJ 4^-utJJLl 4^ JljkJI 4alSJ1 iSOfting 

. L^LiJl ^_yi£. Jj) l^fua t 4_Sj^JiiJLjj 

4^jL^l Ij ia'K \ g m'w d-Sj^j 

1 iV -Ltl J. ^ ^ t a^ 4 ^ la 4 jj h 4 - ^JlU 

aJJb (j|-^ • ".VI ^^jja a " j ^ a j a 1 1 h 4 ^^^J-C. JL^ jL^ 4 j r , i 


ijLiJl ljufc 5 Lj^ ^jJl 4 I 4 4 !* 11 

.^jdJ Am'ii^a <U^4^ jjk aj iS'K (_^jJI ij\ L-4.^ iLaLdJ j_y3ljuj 

c *’ ^ J f. 

4 g.l.lair V 4.a,^l^ 5 JljwIj ^JlU A^l2u1a 4-a.^ JL:^ 4..A i . a .a 4-ii>. ^1 
jL^Li ojLSi^ a-l aa 4_^t4^ ^(3 «^. 5 -* ^ ^ ^jlII 

) )^LaeJj ^lieJjlj ^jJI ^ 11 ^ C^l£j (L^L^XI jL^l 

aj ^t^X' ^ a^U.tl L"^ j ^ j! 1 ^ *j ^ ~*^1 ‘11 I ^1 J J l 

iConnie Eaves >jLfljj (jJ>^ Sj^jl^jJI MJLa-s • EM^l 

( 1 V A CjLjA-i-uI^1 ^^_jU 3^-4 ( 1 JLI^L) ^ ‘ il 1 J ^^ 4 a. al Tf 1 

l)^ 1 ^1 ^il diLa^l^l (jlj 

ijJLut ^jlj i 4illj J- 1 d .la"a ^ ^ 4 tSj^ 4_1£,JL>JI Lj^X^dl ^1J-JI 

V i J ^Ju/ ^jl i L^EiJl (j^ (jr^ 4-^1 ) u "i 4 CjI 4 I tilj 

- ^jdJ 4.j-Jai!Ll <.^jlj^ 1 jj-3 jij-oljJI jjfcj CE)34 

i Laiaj I ^ . ..a 1 p.^^ 1^T1 1 ^ I 4 4 _l!^^I IjL^j .^Lub^i (.jji 

ljul (Jiaj V J>^ ol^ Laj 4 f J .4 iil~i V 4 4^ j l a"> CjL^jJU ij[£ 

4i^ ^j-i^jJL 1_5 iSjujLJLll L^LiJl ^IaU CjLa^XjL^ CjI 4 1 tiljJl 4 J4 <M 

^ ~ •" dJuJL^ (^jjA 4 4 J LoJ “^11 j-u-j-jlIII 4 j 4 

>- 4j, • 1 d '1 ilt I ^ CjI^- i-i-u ‘^ 1 ^ ^cLkil JL^ ( IJ—:v 5^ j "j^ 

. I ^ 1 j A La 


J> J- 















(9^1 ijdI jo \ gUfcjKatf 


(1^ M'Mjt uuyi £t^i 

^ d"j i ^ t 1 A .L^ i^jJJ ^ U1 ^ j, ^ \ Lj^’LjiJi (j^^L-'wLiJi p ■ “ ^ 
i 1^ 1 ^ ... <^ t jujLJKi ^ tx A"i ia 4jj^^ 3^.^ ^L3^i 

Cr^! ‘1^-^' 

tLong Term stem cells U^.i 

L^IjJl^ 3jLjlJLuj 1 ..." 4-u.ji—« 4 jjLc ^LIajlII L^L->> 

JLiJjto J i_^4^ ‘cJd^^ Jl^aV ^JlI] 4-1iLxa 4^ JL3- 4ai>^ ^ ^ ^ 4 .<-iJl3JI 

ji^JiU 4 ^ I uill 4 -^Jl^ 1 4_iL3Jl i 3["i V~> .3 jjJX. frLUall 1 ^ mrti 

^ ^ JuJl^o L^j^ 3 a 4i^L>JLI • '* 4^L!i]1 (j 1 t4 j3^ 3 *kJ 1 

1 jh 4 ^ .3jjJl£. jj^ 3l^ 

L^_ 5 j^j 4 .jS;^Vi Yale 4 < al ^ t Diane Krause oIjIj «.“m3%. 

Sj, 

'"■■ilrj . Qji CiJ:>-t • >">- »T * * ^ ^LtJI jlc.Ll^I 

L^j ^ (_ 7 ^ LtjiiS 1 M I S') til a La^», iTn 4 ^Lmj 4 ul.j 

^j 3>>LJ1 sho-V ^ 4 ju!u^ 3jL&j ^jJJ 41*!lU 1 ^UouJt ^^3 j 

if 

Ct.%.A '^j jl^ Lb^I3j>> ^LoLl^ LM-»^ dJLli^ ^ 4x.Li^ 

.^laSn ^1 ^Jj ^jjQ luSLib CaUs L^J L^JLa t*'j>.u 

L^ j^liaiJI (jlsj-sj - JljUt lLUj ^Liu LbjJL^f LLj 

L>M-3nJ1 Oj-a i^j-auuoj tiljjLjj .d* J AA CjLcLa-uiV 
.A ^jJI Ud5^ JLjaJ * ^ya JJLmj p■ ■■ ^" [j1 ^jU“..." -^ ^ 

(jl Lo^ j i^kjiiJ d^ .^..".A d^.i'^ Li^iL^ (jl ■“■ ‘*‘■ L 4-4 

lIIIj i5^U^.-^H 43£^JaJl ^_^uJLl ij-odiJl 4L^io 4 ^Jl:^I 

(J 3 JI J-Aj <Ja}\ jl.i d4j i*Ua-tJi ^_yij l>^ 

^Si!l jya 3j^3^lJL1 ^ i"fc.tl 4^13^11 ^1 ■..I ^j| . 4 iJL!ij| ^iSULftll 

^ i|»jJI L)^L>> 4'^ *^"' 1 ^^I ^ ^ ij I/Li (~ii3 -v. 1 jl (jjJl “jL^ 

i^ I <fcd.i (jl OcUaiLi-utj i^lj j\j9 jL-oll CjJl3».! 

CjI j ^lIU 4^Mifd 4j f., iy 4^i>. ^JjlaJIj I^jI (J^dj ^1 . ■■ i i}c, _ ^jJl 

^Jj^Ls ^jJJ 4*1 ill 4jr .1 '^i IjM.3JI ij^'^ j-d£ 

lIUj i 1 ^i»l i4>."...l ^ ,.. -^Vl L^l ^J 

.ji^"iiid JJja j) jJi^A >- < 1 l^Ti 4_LsjJL1 






























Short - term Progenitor orju^ViSj j ^ 

I precursor cells 

0 * _ jJLaJI (_yj 3 I (ilij 

JJl.>U (jl ■ ■■ “ ^ ' j 3 ^ ^ - JJS L>^^J 4^Llm 

4 cjI j L^i iju^ .^jLjJI Ci.>«j 1 ^ 1 ^flj 

t(^jJLI d j| 4-^^t ‘j d ^ 4> r CjI 3 jl id^j JiTi a 

nI t •". . ..Vi |_^,,4^L^ L^3 ^ -«^ AL\j t 4-J^tJDLj L7^-9 

SjJ-SJl I ^ji HI L4-^ i 4_^ mill 0 "i a 4 jj-v 03^ 

t J1 D.E. iH3.mson tj^tiijji —a jj^l^jlII jl^ .^1 < n ii^V1 

^j-o 4j^ lj_3t_L^jl (jja ^jLa ^''2J ' ' " (J-ai t a Y * * ^ 

L^jJl^ *j*“ ■ ■" _ (jr^ ~ (J-*~^ U 

^ 1 X ajJL ^jU 4^ 1^11 a 4 ^Jl:^ ^ i i«^‘i (jl 

J « Id Ij^L>- (j;u ijiuU~(.mj ^ a L a lt JI 4 ji JuV i^[^ JCt~iij 

4 jf Jl,:^! L^’L^kJ! i^yi^ jj i ^ " •J ^ 

L 4 - 4 I, X..^Mt.ji,tii i^jJll iljlj jajJJ 4 Aj1H1 

Jk^j cJsj -Lui^i fflxji (JIc^ (j 1 (.iiJjb jj^lax^ ^-iilj 

J>V I (jt ^jl^~i I ill V 4 ai>- (^! O^J- fri alall (j! Jl^ .dLpJI i^JLa 

. 4.^1^ ^ 


^LaVl jt jjLuall ^^9 t^Lc. >«> 4jr,Jv -^11 4^AiKJ1 sljJL^eJij Uaj La 
lLUj^ djjlj 4aUl^l 4 _^Jl:^I L^L^l (^SJ idJujL^ 

.Sjujjw L-d-uiSJt f^jc. ^L)VI jjOm^ i^L>iJ1 cj^jJI 

iBone marrow ^ 

cilljLS^j ^LLulII ^jl!) ^ ^ -fciU j julXI (.iU^ 

*^JlU 4^i^U 4_^JL>JI Ij^L%1I ^JLji^^I j ^%.y (^^X.lJJll Lt^L^ 

i4_^l I~ >>U (j-tifljJLI ^UfljJI i^y-^ aL^Vl 

jJJ 4 ‘LJiiill d ^ ■*■ 11 - Liiljjl J * >j - jJI I 

4.jI^ Ladi y 0 ^ * |J£^ iSS "*'**' .d A «~ 




















|D^I ijaIja*! jr 


j ^ c. CjII^ i^jli 4 *i I a i a At f■ 11 "K 3 jlj>.1j d ^L-seJjl 

jjj . L"^ ^LJcJJI i^jji ^ ^ Ij^ -^H ^jja jujulII c^Lju 

4 14lj ft j.* cilJjL^^^ t^jiU 4^j^! . Li^J^ 

^wLU 4j_uuJL 1 4.^£.Jh;^1 ^tj-a^ (ji t j jl t4xdL) 

1^1 jjul i I. i il~lf a VjiJ t ^ ^A LcJ i L^t j i&U^JkJt 4^ i I 

t4jt^_iJ^1 La^ 4jl£^L3bja JU^l^ j . “ 1^ 1 i t j .". LjJjI 

L^LiLie-a JuV ^UojlII . A . t 4^^1iJl jLljVI 

(.^J-aj Jj i4 j 1 tniti i^ii jjLa^^ L^il^lal I ^ L^ 

(jl i, I j J^lj 4ll^a ■>!\ j t ^1 ^j_~i t 1 a j a Uj^ lLDI^ i4J^ 


tPeripheral blood (^jia jJi -Y 

I^JlU 4*1 mi (U 4^ju^t b^L^I ^1 (U-Uj^ *-^3 ii-dj[^)jm (jA 
) Au.un ^jJI (_y3 *4-jik (—aJl ^ 0 . W JS ^ 4 i j*u* ^litill 


4^j^l b^UJl l> U'SCi * ifclUJ ^ ! l^-Clia^.A*<l |^;O^L^I ^jSLI 1 4.^i.-%> i^l ^ 

Jlu^ i4j^^jJl 3jjjJl (^1 a.itw«Jl ^ V T L7^ 4-j-4LiI 1 

kiJJj ;;jlSLa ^ 4ji£^..i_uJt .5 •...l^jl ^j^La^l 

^jJl (_^ ^jU A^*t iuLll 4 i f .,1— -^1 1 b^b-aJI 

j&JlU 4_UuiJ,l 4,^ c. Jl^hJ 1 b^LjJt *h>- »LaiaJI 1 4 -a^t • in 3^ <L-*»ll 

(Cytokines - jt^_a 4 ^jj^JlJ 1 3ji^jJl ^1 ^LIoaJI ij^ T 


«LaJj ^ U ^t-><~ (j\j Jb^ajl L^ixauio^ CjLI^j^ 

ji ” 

b^L3JI t I tii’t 4i n a (3d>^ L>^ tLji'LiJl j»b' 3 jlC. 

b^ 4*11 qa Ct^ b^t ,->(!) tfJjbj t4j^_ajdl SjjjJl CD34 ^ojjjIjJI (J.a-^>o 

... t ^jj d't A ." a ■>* jt b^b^j 4_^jVI ^jJI b^b^j 4.^x.JLaJI 


La jJkJ (4^_^iaJi 4j^a jJI 3jjjJt ijA ^jdJ 4^(.»iL 1 4.^JL>Jt b^L^>JI iJj 
4^bLll 5 ■»■ .^Tl \ < 1 ^I Richard Childs jiLb^ 

1^ i ^ jLf >A\ (J^-i-ulj LAj_i"i 4_djjJiaJl tjt cr^l 

4-^Jlj^I b^b^JI Jl^Lj ;^jd1 (jl Jlbbi^ jjJ^jJl jLul ba^ .^Lbjdl 

^jJi lillijl (ja i *^jtj 4^1_c. f.1 a Tu 4 i inli tfcj |xjJt ^ja 

b^b-3Jl 4-j.a^ (jl (^t 4J9bu9Vb IJl^ ^UaC. ^aJbbjbb ^jJL^U 
















m~ Juu - i^xjJI ^JlI] 4j Aili 4 .^Jl.^I 

^1 Ljk j \ Mil ^ ^ ^lioAii Liiij t ■>* _ 

L^-jiJI ^JJb ^j^ E. iWright cllalj j^Jl^jJI pj3 ■ -Ij (j-G_>-LjJl ■ (jl 

UJ-^ 4j^^Jl11 3jjJl] 1 i^JLU 4_1 j^uJL1 4_x£.Jl.>iJI 

iljLa 

tUmbilical cord Blood 

Jl^jJI JLSJ (J-LJfcJl ^1 ^1 liU (Jjb 

jjjJU 411 ^_Ul A\ III Lr^J^ t Jrt Ull 

L^.^ljj Lj^'L^I Sjj 4j ^1 jL>^l ip-A-t jlj^I 

✓ 

4 jf. J '^i ^jJI IjlA 1j-A L7^ . aj 

4jljlj ‘ 4 1 Sj V ^"i 'V. A jrt"i I iij (j-ox. ■" ij&jJJ 4^ Mi/U 

. .. t I i 5 ^tt 

tOl j 'm ti,<iw7ili ^Ijuj CjL^j^Lo^I 4^^^ Lq 1j-& 

jJI ^jJl t jub 4.2 jjjsj Laughlin (j±ljdV 

j^Lij JLaUVI ju, i-t.U t^jJJ <Ll4.»,i„l 1 4 


^J 


ifi 


ju>. jl i<iT 


ia ij» A 4j -*■ 


St-dlJuT ^ 5 'L*iJ L>JL^ 4 Jjl:^ IjLjJL>o (jjj^ ^ 

t L^a _9 Cfafauj .1 ^^<.uJI 3 .* ij 7 ^ 4-^ U '^11 Li^VL^Jl ^1 Lliul 

3jJL^ 1 - W>^ ~ ^1 *4>^J 4 «-Ua£.| 3jjL^i 

A iLvTI ^ ~H Li^L^iJl -" «Lla^l 

IIla 3*^ ^ >*J ‘Pluripotent cjljjiiJI 5^1^ ^5^ ^1 .4 

4a.^ii_lll 4 ^£JlJ^I Ij^L^I Ai **-Tj ijji 1-A ^ 4^Lc. 4 9 1j ^jJi 

■ 4 .t' j> ■>■! 1 4.^^ 3 ^ .4_i j -*■ aJI 3jJl^1 ^jl^ I*\\~ q^ 

LMiJlj iTeratocarcinoma ^aa^w '4 


.(^ju^l 3^^^^ 4 ac ■ i'^ll 4jf I V'OI 

iFetal hematopoietic Stem Cells ^\J\iju^\~i 

. jLflJl ^ ^ ^ ^ (jy^J i4jl— <-ujVI ^ ^ 

1,1 "w 4 j A ^ i^^^LlILlt «LIj 1 11 III "K ^ “((j <**fj 'w 



















|D^I ijaIja'I gllcj \Till*6ijJlaJI 


^jlU 4_-L-ul1JL1 4_j_£.jl.^I 

3Lj^ ^ j n aS?I 4j^LJI aJ^Jt J3^ oLol i n n 

jLill 0 ’^-i^ aJ^ jjjg^ 1*^11 

JLil^I _ ^1 _aJjlII tjl Jl^ OJ j g ^ jjL-i-Jl 

^<k^jj3j - Elaine Dzierzak i>Li j I. L. iWeissman oLa^lj 

^jL^Jl Ll^'L>- ^^JLJ ^ d .‘^ ljub (Jj~^ 4 j“l J^l!I 

^jJI 03^ O^ t*•. 1 1 " V_^ IjlA i^JlU 4.^-i!l1I1 

(' ' ) 4 J n ~< V a 4_C.Liilj 

Ij^ I g ^*111 L^jI ilLUj Juij 

* (.illj Juu ^LuJI l 1 >^J j-4-1 4 _il 4 f 

.o\-^y\ ^ lY . YA .J^ ^ * t>g - 

Ea LaJaj) 4j) R. iGallacher fix.y^ 

JL^ L-g^ - Lj^LaJI jl^ ^_yAj_5_>JI jj i^U t \ Y"V A1 O^ 

4JlLaJj,l 

t^,..i,a4.ri ^ Ij^4->JI ^jla tgonads (Jj.nj.1 \^ 

jJj-ol ^ - Jlj^LJI 41^1,4 ^Ul r, jaL^ jjI ilj V |0 

4_c.jjli-d LajJl£. Jui^* j 4 ■ I ^ ... il i^jlU 4 ^1 in 1 li 1 4-j-C, Jijy-, 11 Ij^'L^dl 

t__}|^^Jl^l iT'hymus ~ • ^juDl^ ^L?e-IaJL£^ ^ ^ j 

Lr^ Lr^i ^ ^ ^ 1 4 1 '* SjVjJl J-Cj_4 

4JUlII,I 4.^£, jlaJI U^IaJI J 4 ijJLIa liU juj . ^ ^ 

pLa ^ ^ ^ 4 “1 .gj ^ ^ 

4 ^jJj ^jJf j’.>.lt a\ j '^tt »^ 1 ^". • ^ jLjq-j^VI 

. 4 - 44 X 1 L^LiJl Ijja 

■Embryonic stem cells AaTcj U^GJl -d 

Lj^LaJI (J ^5 _us-aJI ^^^-j-aL-JI ^ _uU jj1 ^j-a JLjV (jl-^ i L_i_4.^-La 

Lj^XaJI ^j aI a t ^ J Wi^n AoCJLaJ) ^JlU 4j^L.iJLl 4_^JLAil 

JJuM ^1 ^jJr\~i 11 ~i (_^^1 4^L^I L^jI (Jj.^ il-LA 4_j_ul>JI 4 .^JljkJI 

I iul"! (_pilj 4 V~U Ij^L^l ■g'v 1 3 jJlA 11 l^JjJ (jl Lo^ 

i^jja LljSjbC. 1-4^^ ^n t^^XiiJI 444 ^^^^j^1 ‘“*1 ^ .t^Tl 



























^iDocfschmsn ^ jl^ Iju&j 

Jli JulL! Li^L^I wLj '^ ^' I. ^1 t 1 j) t Oi->> i ^ ^Ao ^LaJI 

LaJuuj ^ <L^,L:^ll 4 -jI^1 ^jja j^jJI 

t(jl III 4 jij 4 j C, i\ y ^jjA ^ ^^A ^L*JI fj^-LM—aj^ 

L7^! t L^i < ti 5 il 4 ^ 1 ift r. ‘j ■ ~ ^ U 1 ^~ j nj ^ 

."li.t"...1 \ W\ ^LlII N iHolc *3 A 

t***'^ 31 Li^i^Jl ^Jl^ f^j^sujJi^ ^ ‘J ■"'■>-t 1 4.j^ JUnJI Li^'L^JI 

^ J 'J' ^ J ^ 1 ->-tl Lj^L.3nJI ij^jJLj 3 ,^\ -^tI j^>i ^"tlj ^ :>^'.11 

^jJl 'w Ij) cl)^ ^ ^jiil 4 *1 Ml ill Ij^’L:^! 

4-jCiJ l->J 1 L^'L^i i^jjA Ltjjjkj .3 i^Vl a^ J ■.". 1^ 1 ^ 1 4-^^Vl 

. ^ ^ l^jJI Ij^L^ y g-^ ^\ A^Lwa) iC< I Cli <iU ^_y^ 4-U;UJx!I 

^ll"i4-i ^ ^^-*3 (j1 ^4^LLu^Jt 4 j.^ Jl>JI aJJt 4-C.LI^j-uil iJjk 

LM^I Jj)Tf Vi ji ^^^„i4iU (Jib S4 ju!u1I jI^^JLIj U^l^l 
JuJL-u ^Ijlj XJ j m^ ^-4-g. olj jkjJJ 4 «,.i.i^.„4 4 J f t y Ij^'L^ 4,jia.}'^i 

t A j M ^ L^l ^! SLong-tcrm HSCs jlj^j 

I j_^a>>LJI 4i?t.j ^ i^JlII 3jUJj^ oImaJv (^I ^LaII jl-3]t LaJlju 

.dlj>Ji ^^JU (j-iaJ^I (.r^ Uj‘-M>d 

4 'lij I'^ll 4 J f-k—-^11 4 i\ ^Tl 3^5 - ^ iili jmJ L^ LjJLX. I 


Lq IjlAj i^jdl 4 i11 lj^l_^1 «L^£.t 3jJLaw4^ ^Luij!^ 

4 J 1 ^ 1 i OJJt Julj p ^ (^Ljull (JjaLaJII JjJL&JI 4 ". y 1 

^1 IoTlI u 1 (^JlII t.u^ 4.juoIj«j ■.n J**" 4 4j-C.JL>J1 

^1 - ^J . 4 4^l£>.l>JI 4 ^jji^ y W\ ^LjlII 4.3j^^ 

LuajI 1 Jut i^jja \-/^ • ^ ^ ^jdJ 4*^ .*.iU 4j...i'^ti 4_^^^l Li^'L^l 


JL^JUS (j3 tUic. 

4 J l-^l ^jx. LijJ_ao \ 4 !^ 4 fti\^ (JIJ_w^l uiLlj i-gMJ 

i^A I ^\c. \ 4-Lui-1JL1 4_^.jl.^1 

L^j 1^4 ^Lgj u-dj.x^ L^i ^1 SHSCs Long-term jljqVI cjIj L^L^I 

^jJI L^L^ »iUc _ ftl 11 3j J 111 a ^ "u It ~} t-3t^"ii.g 


4JLiJI 























p^l ijaIjjoI 


^JjjLl ^ *1 ^ ‘(J^J 1jL_ft ^l—>>Vt cLa-d ^1 4-l->Jt _ LM-l ^ 

j A til Cj! j ^JlU 4,j iujU 4 j f -i 11 ^tl (j\j L^ O^y 

L^l ^ il4>.tl .-il ^ i^ij A Ld li^AU j d L^ijj 

^_y~ ~v CjI j aJJt i^~i^ olj ^JlU ^ .^ < A 4.adC.J.j>> 4_il^ 

! jj ^ I 

lEmbryonic Germ cell (EGC) 2Li.La^i^>^>^iiU^ 

j! (jtj_J_ -1 _*-j I_«4_Jj_i liHj 

Primordial germ cell L^LiJl lIjcL^ 

4_Ljajjj_:^i L^L^l aJJt Ot . Lj£^-£ til 4-^1 4^11 j 

^"i jt-i Ti 4 _d£^j M. J. (Shamblott ‘~*j^.‘ '^' dU. 4 j-uf>Jl 

U^L'^ll ajjt <*( Inf.I ^joL^ ^1 J_c (UimJ ij A " ("‘m u/\j 

olj Ij^l^Jl (JLld *4 rtb-V 4 4^^^ (J>>ljJl 5^4^ CjI »,iii1j C>l j LM^JI ^j.ja JbJuJI 

L>U,>uu^5jjLiJI I 4 ) L>U^^.CD34 


bUftJt Jiilii 

ijuj-:^ lj,lL.A^d J A " a'j 4^L.i^l Cxj^l Lj^'LSJI (J^n *‘5) La 

S^jlU AjLuuJLi 4JdLLli 4_^JL>J1 Li^Gbll Ij^x4^j 
IJ 4 ■ 4_i^Ldl iConnie Eaves y ^ ^ *j 
3 jj^ULI ^jJJ 4 *i < nil! 4.^^jL^t OjjL^ 1 1JU^ 

^>dJ *jJLj cr^J^ cr^ 

Ij^ ^!l ^ ^1 CjJLzwj '** J'J ^ J ^ i ' 1 ^11 

... aWI dUj .*.1 L^jU j j a~~ Ij^L.^! i^jlU ^ *< .^.ilI 

- > - 

j 1 j£La f^yJt \-d^ (^Liau ^1 i4 jiU'^l 4ac,Ju ^ i lj^\^Jl 

t". J r. ... A ^ A ‘~ (jt JUkJ 4^1 ^1 ^ (1>^J a-lI^CL 

.^.it 1 4a£.JL>Jl ^j-d 3j. 11^ CjLl 4^ oL>JLtja 

> l^Ld 3^^.^^ j_^JLaAJ ^1 < i :^j ^L%Jlj t^jJJ 

t4_i.UJ.jOl 4^r. JljOI Ij^E^I : L^^^..3j I Jjb 
Lj jJjJLju jt j_j_j_ij ;^V 4_ijl3 ijJ-Su tda-iJu ^Ltu 3. il 4JL>. 

JJjj UJ-^ (J^ j:jl 1 ^ U Ld^ j" El! 1 ^ •» dU^ 


















6>jc.VTill 


4jiJLJ1 JltkJI i^^ULji^ ljUlj aI ^jJI Ij^L^ ^^ 

Ci-ui-^j 4.^LI-4 t~.. ^^IjjJt \ ^ CjUj iJjJLju 4 jl <i r (j1 j| t^jdJ 

~ 4 4_j_CJ-:^t ^1 j t4!^ I ti 

^ ■ - jj -*> I ^ " Cjll^i->- Cjtj A"!l a 1^ ■ ^ ^ ^ 

jf UJ*^ (IH^ jj • ^ ^ (J^lAj ^ ^ j LL \ ~ ‘ “" iL^i 4 mIj 

^JlU 4 ■ io^ll 4 _jLIL^1 4 j ^'^li ^li (jl 4—^1 i^yi^ IjLA 
U~ ...* L^Lj L^usjI 4 _tr Ji ijj^ 

4i^j ^ ^ ^ (.iiJlu i^_^Llll jL^.j^l ^jji - L^ _ 

. 4^ 1 I nu t <n-^lI 

" ^jJl 4-^j (* 111 r>j L_« o^** 5jj "i ^jdl ^ jja 

4^1^! Ij>UJ 1 ^ ^LaJI l^i Uj^ lA=^' j- *Chen 

ajLci U* I til V Cy^ ^Ji^i^Lll j^jJJ 4jiXu^l 4jkJl^l 

jt ,i^\xAA jL^ ^1 Ml jLd 1^1 n't 4jla r Juu ^lla.tJI L^jlSLa 

(ji . ..*1 j_jjLxia jtJa 1^ aj^^Lli ^JlU 4 t UnrfiU 4JL1LJ1 4,t£1 L^-^l 

J.4-3U jJ1 ^LkujVl j\ jLAII ^,.i..fart> Lol^ 1 Jl^v Aj )^LIfi,JL!l 'y "n 



i^LftjJI Ij^'L^Jl aJJb (^jJJ 4-ii^lI 4jr JUOl 

0-® tJliiJl ^_yJj Lj^JG - JjLOJ (_^ 

Jf A ^"i" t4.^a-i-l^^l <L^£-jl^>J1 Lj^’L^JI ^^ISUI 

^1 jjl fl'uVI j 1^ SjJlGj j j gT> L^I Lg^ t|»jLi] 4 i h iU 

L^jJL^ ^_^LiJLj^ J ^ Cy* 4gllL>iII j^gUl pLijI ^lln*H 

4jSL1j ^ (^1 <L>-jj^ (^! ^ ^jJl GMi- pUac-l 

^ ^ Strains cIjV^’L^ ^ ^ ^ 4*‘i,a ttj 4-i£Jj a tl i cij j -stj L'x a 

Jjfcjj 4 j 1 j^JjA K. Sudo ji^j^jJi ^JiLo j-i-Vl (jJajtdi Lgl 

j>jJJ a • ii^U a^JiJL^i 4 t cji-'^Ji Lj^ ^J1 jiuf. 5jL_jj "i ■w jl _oj 

. ^ ^ j ggjl ^1 xG i 1 

a -»■ . ..\S\ Li^'L^ i^jA a a~ .^.t,' ^jdJ ^*L«!ulI.I 4 ^uCJLj^ 1 4_ilSd1 (jL3 Lgj 

‘ ^ ^ J ‘ ^ ^ lLUj ^ ^ j^ ^^yJt 4_jJj_L^t 

. Lgjt J Li^l^dt 3ju^ ajiji-^Tl 4a£.JLjfcJl 
















(DiXJI ijaI jo\ VTill'&.alaJI 


|t4ll ^Ul b^t ^I4^t tilUrfdl 

4 ^ ^cLu V J^T UL-Ujj (jl^ I Li <1'^ Ji-i-5 

^ {j^ l^VT ciii-LA ^1 tII^Jj i^Ljuj 4jl'!r j i u 4 JJI VI 

H^j^\ ,j^ Jl ^ *1^ 4_^Ld 4-X.j^ntJ oljjdl 

t*>l ^tl 1^ j “( JJub jL>ijl jl ^1 ^‘*1 4 ilj jl_^^ 


^uj I juA fjl i i <tii* li^Ua t^J^jL4 ,_^_i_uLij 4^ j'>Jl 

Ij^iL^l ‘ (ij\j t-^^Lli^Vl j-LM Li^jjV )3jL>>ljJt 4 ji-^ll 

1 ^ . ..M tj . J.I "i^lI i4^jL^j JLui-^Jl j^JlU 4-Ul11I 4 j<r i '^tl 

.^^L.>J 1 ^ •tl CjUl^LjaL 4—iL^I JJ'-^ ^ l 3 ^ 4^j~JLja i_xJi—t^l 

Ljjl* C7^ '4 J4.H fiJJt (_^l 

L^"l*a \ A J y 1 LuSllj i^i 4~iJ ^1 il)J^ nl^54 in <*jU I ^ * .^JL^ 

>.V ni L^7 Jl^ I 4 <il~i |4jJI I^ij 4 "^ ;_^J wjjjL4ji^ 

j4jJ1 tj^L^ ^ ^ cr^! 3^^ * <~i III jl ‘(^^->^1 ^]^LSLI1 

L^jl ^ I jub • t^ I *>-Ai >.vj>ii.:^'* djjLa . j-a IjlAj . l.,^aSJ_g 

4.^LJ1 4..^J_:^I Ij3I —alLA (j^ ij^jdl j- ^ ^ * c^l j.n 4 jLd CaILjx IjI 

^LLulII ,V ■^*1 *il t, A A,Mj ^ ^ ^ < ^1 aI*J tj^VI L 4 I 4 |4JlU 4 1 ii^ll 

^ajli] ^^SLa 4^Jl^ Lj^i^ ^l-...SiVi ^^1 4f^ ...A V |4J tL^ ^-^JJ 

^Ijlj Lill^ 4 j I la i^jJI L^l-^ ^^^1 ^ j 4 5^1 o"! 4 tdjLjJL:w 

Ijla a i t"i Iiij ^1 ^*'i^Ij 3 L 3 ‘4^^i3^l ^ISJl t < >.LiiJI 4 jjVI jL^I ljub 


V~' 4 j^Lc. ^lAJI 


jj^ -^Tl L^J p ■» ^ ‘" 4 J ^ 4 L- 4 IAJI J ^ ^1 4 J 4 lLLu V Lo^J 

pjLC. ^Ijj 4 J . 1 ■ .. '^■tl ^J^lj pjJJ 4 • i. ^ II 4 JlILJI 4 j . 1 -*. ll 

udLi^ ^1 JL^ I \ -^U p^“ 1^1* “pi 3^ jl—'!»jj p^jJL-4_4 

pli li-V" I 111 (3>*4 3^^ \j^ t-iljS *Ut3^ ^ 4ltll 

.^5^jl!I Ij^LiJI ^JlA 

^1 43j->-^ ^ I ^ '4j J. iAudct C4jJj1 i“i f^ 4*1 lLUjlI 

<^! ol^L-iiiVl (Jrto-) ^j-aLi. — gpl30 - 4 <.uJ "t 4 _j1^_c, 

4^Lj > ■■" -t«. !^4 ■ -jl jL^ pjdJ A^-ui-lXI 4.^£.JLaJl 4jl-^!l 3-*-^^ - 4_ilad1 

Lb^jL£. Sj,~l^ 4 L7^ at^Al -»- .a p ■ ^ J ■“ I .^j1 I ^ t 4X. 






















4jr 


H. iHmS L4-)I OJljkj L^4_^ ^ ^ ^ ^ 4^ a a 

j ^ : LoJbj Cytokines oljLifu^l cjLi^j^ jj-o (JJLLa 

^L-d__L^l C)ri 3 ^ j .Stem cell factor 4 a c.a SL-JiJI 

^ ^ '‘ 2 4_JJ^1 LoLi-u-lil oljdJI .Thrombopoietin 5 l^jJ1 

^ j ... ^\ 3jJL^1 \ ^\A 1 03^^ I <t aI JLaI QI ~ clUj 


A ^ U» M I 4.^1jJLi ^JlLI^^^I <-L!I L/^i ** ^ ^ a " A 

(AGNl) 3L-4 -uJL1 |AJlU 4^ 4 j x-j u^ l ^11 \ 4 -i ^^3 


^ .^Li V jL_ 3 uri_Lw i Aorta-Gonad-Mesonephros 

fjLi j 1 ..iL!Ix£^ 4^. (iL-jIlII ^ 4.j-i-iJ.>dl a ^l-».n 1 ^jl^ <» 


.4 5t^: t' ^-V U.AJ-£jJiJt 4.^1j^ t~. l^IIjlJ >(3^ L>^ 1 ■c.C - 

tfJub I urt iVl OjL^L^jlI 4-Aj^iJI oljLi^yi 4_ajj^ LiUo^j 

^ ^_^Li^l f^jji Sj^L^l 4i:>.^JLl 

L^Litil 'vl U ^j^Vl b^LSJl 4..Mijju 'vL ^ LTk I 1 Au ^ 

4^ Slo^u ua^j ^ ^JlU 4.i,.uu.t I 4.^JLa^l 

^JlU 4.1iiuJLI 4.a>X.Jj^1 L^C^t a.1 ^^LaLftJI 


;jf IjJur^j ^J^lJ 3^ X ol I 4^1 La^L^I 0JJb 4 jdl 

CjLj.a^ C*£jj ^ ^j£LuiJ (j^-SkJ alj.:>JI JLj^ 

jjJJjj 5 jjV 1 t .‘*"'^ 5 jl_>.jJ 1 (^1 f_)-iuL3 Lj^'I _i* I—'3 L la 


1 .oLLj-^JI (Ja tl i^LjlII t ..fUju L^j Ijl^j t4-£-i a *><11 

j^i 4 ^^1 .^jlU 4‘i.:.ai biCiJi 

IjLi^l ^^LUj 14a11 I 

lLUj Lu^l I Q g 1^1 I a ail 


La t4x.mi a K .'t. a i^jlU a ■ j j ^ 11 4JlJLl!I 4.^JL>J1 

Host- versus -graft disease c.4j>^ Jjljdl t_>^j 

(^^Jj La i4^yLx. 4xjL3Ui_uJLl t4j^ 4 _ij^jL 1I 4.a£.JL^dl Li^L.9d1 J t-ojK 

jjJjLJliJ Jtjl .u~jj (j^ . 4 *1 T 1^ jj) Ai \~ (_yJLlllj^ ^^LjfcJi jj^Ju (_yJl 

(j^ 4^j—^ ^JlJJ 4__l_jiJJL1 4 J fcJ *^1 L_j^ ■>h]I ju .i ^^3 4j| 

^ -5 

Graft t^tl fuitl I >■ tlr\rt 4 Ijl^ .f_^_£.LlJll jl ^ '^11 

.4.^1^ *>^^3 Ca a j ...I .^S?l 4_^mi 4-J.SLuk^ t^j t^ p (Jj) ii?ll 


























il ^1 4 j "r Ul L^L^I fcii^f.l ^jl jjj^l j_^j 

4_1AU1 4 LM-iJl ^ Adult Mesenchymal Stem Cells (MSCs) 

. ^ ^ j^X-LllI jL^*Ol 4^lj^ ^jji I^ f*\ 4 I 

«—*^L-c. I i^jlLI 4^Jii (JLI Aj ^jljhJ \ Li^CstJJ ^ ^ ‘ ■ ■■ Ijd 

i.iUjL^^ /j*^JIj ^^CkJl 4-ii.4Jl i ^ \ . ..1 l^_La 

- AjjJlUI Aj-i-ssL^ (jt^ ^JL4j-»-A - L^l,.iV"nul 

(jL-ijjj L^j_?*-* ^ ^ ^ 1—^ t,~«<<i ji 

1|&JlJJ Afi Ml ) 11 4-^ jLJ^Ii 3 jUJLC. lIjV^LrbX 

J> 

^JlU 4 li A^^Jl.^! Ij^fL^iJl ^ jj ‘‘^ ^^-ulII 

'j^t ^Tl ‘^' ' d " *j' ^ ‘ ^ ^ ^ ‘ ^ ^t I 4_L>-^^ A 

I djj M'v Jl:>> L«^ I j ^ 11 L>^^ ^ ^ ^ ‘ * 

^A l^tj I 1 jLiuaj 4 fi<a:V"it! «. 4^ i^ilU A^^Vi 4,^ Ji.><Jl 

(^11 ~i I jl i^jJJ 4 *< Ml liliitI 4 tj S' 1-4^- ^ tj>,l.l ol i j 

^ C>^J ^ 0-* 4^ -0 C (jLuijj oryj^ OJii^l 

jjJu IJL 11(, ^„t-i.H,>. (3^J Cjl-Ji.iJ^ (J^JLJul! (J^Juj u^Xs A^Qjjija 

>-1 4 —A J- A 4—4J .j^LilJI 4 j i j i -^n 




jdj 4jL.iai 



Ij^L^iJI diilt lIjI fj ^ (j^jjG 

4_uiljJ LjlajI - a. i H L^ A_i_:>. 1 ^1 Lj^C^I 

(Jjl^o L^ 4-dJ^Jo^ ^i_.x^ SiVl^ ^ n ^ 

^Q-1-u.ajU i&JlL) 4 i j^.1I Aj£.JL^I 

^jjJ 4*1 nitU A^Jlj^I ^i, 1 Vii^i 4 A^A Aiac. A^J 

L^L-iJI (_ 3 -i£. ^JQj. « ."i H jl jj—c- c-l—clxJl 4 jJl-S (jrA? ‘^^1— 

^ LjQjtj aJj^Jo ^JlU A^j^ijJLt 4.^Ju>JI 

, 1 w » d l J^j .^jL>Jl ^>a <^>>>1 (jrJ! ^ 

cjLi^t ni^iJ ^ t,I ^ j •«n /. rt A L^^ju ^ ^^u^^LjkjJi 

Ldljjbj «4..vji \ c. L^'L^ t*il ^ ...1^ \ ^ ^ it .^."j . i ^ U...t 

JLi II'V (J^lj i^JlU 4 *i, ii^i f U A^if JljhJI frl-ftltli (j-4 (3dJ^ 

J.4Jl 11 . ■■“< t4 i^ij> ‘ “ ^ ^AJ ‘"*^3 ^ ^ ilLj LlUjj (4 jI j 

, S^J < u 1 <Zj i imI 4^1^^ *■ ^ J I H 1 (3^ ^ 






















C^uit fiiii M’Mil LU^I 

4 jl'>n ciil—ru^Li 4 J t nl—<-uVl (—flljL^VI iJ\J I^JJ^ 

JUJ^jlJI Cj 1^ j 4 ^_yA «U ^ ~~ 1-4^ A \1 A~ . »VI ^jlU 4 ^ <»‘tU 

*^_y^LlXl jL^_>«Jl^ ^jJI Li^ j) i ^ ^ 

: 4.^aJ 1 A^I^JLj ^JLftj 

iLeukemia & Lymphoma . rt4.>!T«jj*ayt 

X j 

* ^^ icLua^-Jl ^jJI ‘ -j * (^jlII i^jJI ^LLs^^-i-u jl^I ^Jb 

j L-a <^-4^ ^Li_y-2jVI ^ ^ Lr^ 

. <^j1^J,I jJl^I jL^ liUjlj i«.Lu^j^1 ^jJI 


, juv J. 




jU iLjjii 


^ U^" 


_ Cj^l j] ^j■^ ^^j-LaJI ^jJl f^ja jir (Ji^ (SjuJu:^ j»jJJ 4 *< inia 

^4 4 .^^^.^LiJLl jL4 -^1 LM—^l ^JL^ t.!^...^ t t ■ *11 <1*1 ^^ 


4-4j1 a Cj\ Uy J**>! Lo-AL^L^ (^j'L> 0 Cijh> Vl jl ^Vl L^Li^ (j! L_aj(_^.jfcJLI 
bXi. <-d.l:J Human leukocyte antigens (HLAs) 

t^jJl ^^ .11 <i jf 1 ^n ^^1-1 ^ “...I t jl) 

i^jlftjSLil ^J!L® ^^bLli 4 ^nil |:>ii ^ V"iiiil LulIu 

.^LhtTl (3^-b 

ilnherited Blood Disorders 

Jij 4jl4 i4 <.*1!J|J .(LjJ^ <Ujij^i 5 jL 1) (Iv® 

^ jl fall 1^ Lll — ^jJU 4-Uu.iIt <.^jL.9>Ji •*■ * ^jjl _ ^LlaJLlI 

; 1-^ \a ^jja IjLiwlj Lw^>Lc, ^ wi'i 

.j»a>i^l>4i.i 

: Jl!uo 

Fanconi anemia (^b^SlLLiJI ^^jJ! _ 

Aplastic anemia j^L^I ^jJl |:wjJl - 
Beta-Thalassemia l:i^ -,^>^1 ^jJI j2l^ . 
Sickle cell anemia (_yiatitl - 

Sever immunodeficiency juj-jJl j^aJI - 


^Vl 


j> J- 















p^l ijaI jo\ 


1^1_j ^ ^ ^ *>*V1 aI j frl U VI a I — LJ 

4 y j“’t (_>:^»lj-^i .Inborn Errors of metabolism S '< 

J ^^“jl ^ "i . ,.V1 CjL_ii.4X. ‘ U. .^1 4_1^ 1-^ (_7^ lU^ 

S 3 V 3 JI JLAJ 


Hunter's syndrome - 

Osteoporosis j»Uv»Jl LiLlA _ 

i4Zii^L4-i£j 

i^L-i-u^VI 51-> j .*:.t JZLni ^^iLjlJI h V~ < nj 

4 ^ Ml iJLl 4 jX JU>J1 L-(JI liT^J - ^^^jlII _ 4_J^ LiUjL^ \ < i^J 

|=fcli 1 V" . Ill 1 jJ t ^1 La t \ 1 ^ 4 4 q iiiiiilij |xJlJJ 

4*> j II Vtl aJJt (Ji. V 1 ~ 11(1 « 4 \ i^JiU 4 * Mill U 4 i 

clL^ dcZj uJJj . 4,x*t.Jt.i 1 ^ 4j^JeLla |].JlU 4-LJuuLo 4i,j«r J-:w L^'LscJ 


^ i4j^jJ1 4 jjJJ all ^aUciAJl ^aJLlJ 4 juui 11I 4,jr:.iiKill 

^ ^ j 

^^L_«J1 ig "1 ij ^^ _ajJI djjjdl u 

4 L-S^-VJl ijjJ i<L_ulj (_yjj L^LVjj ^CJJ ^ ((^jLo-jSJI 

.4i»41 (jmoj^i l^lv l^jV lm-vji iiSrtUi 

I J>U3>uJ 1 ^ ^ ^jr ^ - i 

^jJl (J!Lo (^^LjlII <L_i_a_i^ ... 11 lIUj I 1^ rt'ij 

|ajJJ 4*t .uili i -^11 .^^LjlJI (_^ ^^LxJI Cj^jLa 

(HEAs) CjLuj«.^Vt L^Lui^ 

Ij^LVJI ^ ^ jL^_:^1 3j^ t ^ iL^LVJI ^Etiil 

4jlr ^ (<Ljqj12) |»Jl]J 4 ^ 1 niU 4-^.i 'hII 

5 V ^1 BjuJkjw L^LV f^Lij , \ic .I 

S. S.Joshi . (jdul . 4 ~t 1 ~iI La ^^LaJi 4.aj^.l^l a.JJb Lo^j 

4 j f■ >.V ^11 L^LVJl ^jl (jJl ljjL-(L( ^ n'‘_; .Y* • • ^L*Ji 4_aj^_3j 

\l A JaI i.i i ^ ^ ‘ *1' * kS ^ ■ -itt ^ <-^tt Cj^ Ln ^jdl ^jlU ^ i < 11 



















ijj IV )r> _ j ."-^11 ...It 

3jJk^ 1 ^ji V1 ^JlLJ 4^ Mi)U 4 ^^Jlj^1 ^1a Jl^ Ijiifej ^ ;_^jQ]| 

*iljj\£ ^1 ^LLaj-j^l L^'l^ L7^ 

1 Autoimmune diseases iLut^Ui iL^LUt . o 

*JUU 

. ^ t iiJ I ^ I jlI I . 

Lupus erythematosis ^j^- 

t41 iirti j. tu^ll Ij^L^j 4jte-.-.i*il ^...*■■1! jL^^I (J*^^ ^ 

LyL^ ^Lu 3jL^y ^jU 4AJLilt ^L^LlII ^ ~ ■ -I udJjJ 

IjL^ t ^ ... i 1 V L^LuAiJ iJSLtLj ' d ~ T 'U .‘ ^ 3^ 

- 4ai^l CjLal J,^' fc<pl ^La^l J^JL>>_^ AjcLlXI ^j£- 

4 -t 11 Ij^L^I «4_^LJI 4j C. >,I>.^0I Ij^'l^JI ^.* ^ La ljL4J-^i 

L^L^I alxA 3jjl^j 1 plasticity ^ji^l ^^jlUI 4.^judL> i^jJJ 

Ij^’I^ LaI-xj jjLt^j LJdLitt^ La * j L^L^I (^j ^^ 

4 j i^L^I ^JLA IjLaA^I CaA. i 4^j Caj! 4_La ^^..uiJJl 

t^UcuJI '*■ 4.a£^j R. E (Bittner j-ILu 

j? 4^LJ1 ^1 >vVI jr>U ^jlLJ 4*iAill 4 ^jl^I LMJkJIjI 

<*• 1 ^ “w ^1 5^ ir ^li ^jJJ 4^< A ill 4 jf:,l'^li lLUj tfjJLoJ i^Ujij . JLiSJI 

i 4 4i^Vl ^ ■a'y“<tlj i4-aJlaJI L^L^I ^1 


-i ti .^U j_iJajJ1 L^L^ ;Jj) ~“ ^1 JLftj ^ ^ ^ 

^JlU 4_j_uklll ^ ^ ^ Lyt _>• _>b) \ _lid 4—li_ i^Jtl J—i^3_ aJI (jL_^ 

>Laj^' 0^ ob ‘(i>^^' sr^' 4^ ^\j (CardioiTiyocytes L^Li. 

. Ij£Laj ... L^^I^Li ^j.«lj^£Luil L^L^ oJ^j>u L_ijIj^£L1j ^ 
4^Jl^ L^L^ LoJ ^UoLjJt ^LkoJ l^ j4 4J!LaVl ^j^aj 

(Muscular Dystrophy (jJaia-jJI Ji-^JL '-3j—ju ‘^jdJ 5 ^ 

L^L>. JuJui ( n t (>> ^.^3^3 (jLi-i^l .~.V1 (j^bj C>^J^ 

.Skeletal Muscles 4_ilSl^l cj^^L^iaJI 


■‘ j^^ j> J- 















4^ j ult ^JjLX 


Lii 


j j f ^ 0 ~^ ^ j L^Li&j lj)irt i^Lci4jVI ^_^Lu3-aJ1 

Ld JUu Jii^JLj 3jL^I 4 j ij 0 tV>^ 

oIjlj ^Lu^Xi 3jL^I L)^<L^ ^1 j^^-iiJI L aolj^S '"“ 

^juk ^1 p * ^Iaj t 3 jlij_^ ^ L)^L^ 

^1—i^Jll ^^^LaLcJLl - ^<i^i ti II <iji\ I - Lt^'L-^1 

iLJ 4-^1 jJI ^ j -^tt ^4 _ ... a \ ^jr^l ^ij 

4 _ 1 j;^j E. iLagasse jj-uLc^ j>^-^ ^j-^' JLl-a ^jjUL 

. jLjjl.>4 .J-i^ Ju^ ^^LjloV «_t^L>«-) ^_^^.%-J 1 

Cy^ ^JlH ^ .^.i 11 4 .j^jl_>J) Li^^L_^I ^j.a 4_x^ Lt^'L.^ 
L^^LibJ L 4 L 4 J Ij 4 Lajuu .5 it 1 jL^I aJJt 

fj\S j^JlII ftlj-jJI lJi^jI jI *-r*>^ ^ 

JlI^J ., V T 1 (JLj>^ j^^Jlj (^j La _ JL-jiJl ^1 A -xJ _ jL-3Ji (_ 3 -Laj 

(^JlII jLaII LajJU-o-a LM-^ OJ ^ 4_j.a ^ 4j (jl IjJlj^j JLjSLJI 

<L^ j_:^1 L^L^Jl <L*i3 '4 <aL> 0 * _ LM-^I I Jjw 4 iL1i 4 4id <La cIjIi^I 
4.-2£^j M. (K. Allison tjj ... ^ tf ~i!l ^ ^ |»jU ^-j-AH 1 

Ij^L^x l^l^jl 1_*> ^ '0^ ...tVl LlJj ^ LT^ T * * * ^’*1 -»- tlI 

^^LllJI ^ Oj"*^ ' jj ' 4iLLlXI 4a£.J-9Jl Lt^A_^l 

(jL-fcuVl Jl^ LaJl:w^ jl *jL^l JL^ 1 gmfl> 


^ qUm In Sjlftlt ^ Ni^t dlNlj Ui^l M'li^t Ni^l 

jjj£^jJl _ Luu^^ (j-u^L 4 % ^L^ _ Y * * t |»L*JI ^ ■ n - --j ^ 

Ij^L^ ^j-A jjlc ^Lijy <LA£pa -a* ill 4_aj^^j Luc Douay L>"J^ 


u-a^ 


4 _ft.j_j.LJl)) ^ ^ 4 _jJL%j 4 .-^jj ijJJ j . & I 


^Ljl)) o'>^ Y' '0 jjLb i«Nature Biotechnology 4 j^^1 

L!iUJl j "i "fc-LJ1 ^.lV" I nl ^j■^^ lLLIIj^^ 4H^^_ljjnJ.1 5^ ."^ I 4_;e-LloLj 

4.jj.jJ 4ijLcA 4.j^ Stromal cells L^L^ ^a i^jlU ^ ^ .^.*tl 4 .l^jl>JI 

fjji - f lj.A..>JI ^jJI Lj^'L^ (jLSLXI - i^ILjiJI ^JJ^ 


‘ j> J- 

























dUjj 4_>-jJj ^ ‘ ■ ^ ^Jljuj j) ci il ^J| ^ ^ iZjLjjSLa 

^ (J.o.*il 4..^JL:^I Ij^iSJl ^j y ~u"^ 

^ ^ 4 ^ Ijl^J (J-3_l ■"■I ^ ^ 1 4- ~L^ ..1 i^^^jC-i i*^-**" ^|j_4_>. 

^ ^ JuJjlLI i~tl i^'wtl > 

JuJljlII <-^i \ '^Tl 4 CjLj1i.Il V"1 ml l14JJu>JL^ 1 Aj 

4 " t "i 4 (^tjj citj J ,.>. lLLi jjjj ~‘ L* ^ jl 

L^jt La Lajj ^ Ijj^ 3 ^^.jJLx^ 4.j| J^Vl 

1.11 ^ SJljJl:^ 4.^^^^ alj-i^l t i Lul )^Iju (jI 

dij tjjiidl :5Ljjfc.ll 4*.^ lU ^JlAj .djjiBjm 4 A^U 0 JlA Ll^Llli^l 

. tjLojw j7 (J^ Lr^ 4’ll U1... i^j-II 













IS 


* 


« 


^■t(/*> 11 rt I -a <**»i* ^ ^^_iJl t^jj 1 iif^t (1)^ 

L^ (jlajVLfl .(J^UII tfjl ^ > - dlA ^ _ j-A 
^:^U1 ^^1 ULa * JUU Vj ^ 4^ oli^l^ 

^ i ^ i>i tj CjLuISUI ^Jl^J jlj j-ajLuaJl^ 

Lrfa,4 OjL^ iOVLuajlj i 

cjLLjL^JI (j^ t .!l__ • tt i3jijL_£. 

t^Lua^l jl "_4.VI 

(^1 ijJaJLjJI ^ *-* 

** _ CjL) ^ ^L-uJ^I Li. i^~ ^1 (_(J^J|JI^ 

^1 JL-ljjV 1 ^JiLa '.' .‘^ ^^ ...^.“^11 i~tl Mj^ -wtl _ 
4 jLi_>Jj 4J ^L>> JuJl^^I «^iUj ^1 ^ ‘j jl 
\^j3 V 4.^^J is CjIjI 4^ ...i«w1j ^ 

^1 icijLjJLi-A^Jtj lj^^-p^LiJL£^ ^ HI V| 

^1'^vij .-ti ...j^ ^u<^ ^ ^ 7“^'.* 

4jLj^Jj ^L_uu!^ j S JjJl.^^1 

Sj-aL^JLI VI V oLi-oji^^.jaJ1 


Uf^Lio 


l.^^1 


jjfc ^ 













1 I “ ^ t^JL^tj {^1 v^l ■ t ^ i>JLfb ^Jj I Jc*i d. ^ ljUb 

(CjLjJcx^Ij IjjJCaII (jj-Aj i \^ia ^“< n'l L^ji^ 

^LaI ii a• .>>j li . ..^'\ AA J > M"Htl fLd^jJI oLul^l 

d ..j A i!11 i 11 ^ ^Jj.Lu_i-tJLI ^ ‘ ' ‘ * " 4_%_ljj j*-" iLI “irt11 ^Jub 

Ju£. . jj^ 'Tfc"") , L-i u^1 4 Ij^ ^j>tt \ jjl t“) 4tlr I jj 

_i "iK } j! ^_p3ij^ 4 ^ j "n J-L44-^l 4_^LLa lJuuxAs 

) I i ni-^ll V~iTl 4jl4f djLiAd 

i^jja J _ui— ^1 Ijl^ Jj ^_^LLa (jHj "w Jlj V (jl-^ uiLljLl 

Jv ttAIj , f. Ij_ LM Jl_^ J d ^ J A 1 11 4 -jJ^-!^I l^LIjI^I (J-LLj 

JojaLst^ '*J ^-A Lo 1 (_3-1j 5JL£.Lb 4J i n '^tl 

,j.u^ (...ij^^ p ^1 ^1)) 3jL£.l2Jt dJLA Aj_j X\I 4^1^^^! ^LdVt 

. Siij.A Mil ^ AA^ 4 i^faij L7^ j..>V I L 4^ ^ 

1 ' (((^ J.,i,>iT^ CjljloLd f^yOi <al>> ^J^ yC. I 

^~1J,J ^ I^ya .U V . L ^-y- LuL^ o-^ ^ ^ 

^ ~ ■-11 IjlA i-JuS^ 4.^tjJl 4 j f mi 4j_^i^1 (^j) j n 

V |:kLuj ^ 1^1 (j!Ld A^ua LjaLdj ^ ,^jji 4i!L2 dVi ^ 

^ H 4^ U«*iU 4^1 i«*li C^l^ UL^ . 4J^ '^J 4^ dJLdla 

fi.j^ ^^4iit~i jl OJJ (jl 4,j^LlJLi J^' 4JLA [_yJ-C. t -fat ! 1 (jL^ 
jL^j jjulII (j^ (jj-^ Cy^ ju-^i jj-o L^ 

^LfljJl ^ 0^ <-iI]jJ iJ' tly* *“ Lr^l 

(J^ ^Ld-^ Jlj V JL-c*i_:^l j d LT^ 4^LiJLl^ 

i l^'if ^bI Jl^ ig t fji^^ <jl S-*^7^ 4.^ i:w (J^Ls t Ufi'^ll 4^ I'v 

jljua ^ t".. 4.ddtj 4 ^Jl^ iLdjIj |^ *La-aB 

ljUl - 4 1 _■ 1^ A ^ Q A \_^ |_j_B (<I^ aJI jljL^ (jr^ l)^ 4j_uj jl j ^ ■"■ jl 

4,j a fc^«mj-JLi ~r ^ISLlI jjb jikaJI (jL^ jj iLiUjL^ i-“i < n 

^LajJl 4i^mj 0^^ t4_^LfljJI djLuaJll ^L t 

^Ld—>JI j-^l ui^ *4_^ 4 * J d^C (J^j III “^U (_yil l)^ 

4^lJ^I ^JlA (Jj^J j| > J-L:^ j all t ^ 

>4^ Jjl (^^x.Lijj tUj-5i jlL>JI ^j^ Ln..i ->0 \j\j .^L^_ujVI dLl_>tJ jLtjL^ dLlt-d 























6kCUAJI (JdIja'I ^II«» j v-^II 


ljUb Vj f^jja j ^ (jl JLj V LuajI 

((jLjoVij (j-xiVl ^LdjJl 5l j '»nJi 4.^_d j^jJ! (jjl.^jJI 

_A !cllLufe ^t j 1 i|&jjl lZjLj^^La fj^ ^JlII 4_ 

^ ‘ ■' <U£.LLl,ij ^L_^jJI j -aj ^ * ^j-tJLlI Jaj_iJnJLi 


d**''Sjuj^l LT^ i«Lua_j_Jl ^jlII 

j^LaILi-ij 3 fT' 4^Ld.Ai.jiil Li^'LsJI r' ■ ^' ^jJI 

.^LIojlII HSOs ^jlL) 4^£.jLjfcJi (3^ 

I—SJJIJ ^ CT^ . V i ..-^1 Aj^DsjJIj 4^mi JJ-oVi j 1 jiSLaj 

/\ 3bL^)/l S. Li.i A oVL->fcJ| . ..t ■ <.^lJj 4-1 .sjjj 4_i_^1j 

iMj ^_^^ljiJLi ^1 J->u JljJ 

t'‘l^V Trj La ljubj ^ ^ ^Trl) (tl 4j ^ ^ y Laj VI Vj 4 .^a_4JL1 1-^1 

jl ^ (ijji_3tj 4-4J L>^ * Ly'Jj J ^LudVl 

iAj^i^l oU^^La ,\ |I>1 ^1 c-jiAgj (*•!j>. tUL^I 

iS^~'^"i3 LaI <u-‘k1 a y . ..\Vt ‘~ *j 

LaLaj cuj^ I^IIaLjla^ L^IU-^I^-a ^-^4^ t LaLaj 

^^j^LiJI d (3^1 La ij-AJt-^ V (—4j^ 4l^X. -i-.^-^tI 

.Autoimmune Diseases ^IjJi ^Lill 
Luu! llILLa ^3^ i^^^x-LU.! Lijl^«.ljL£,i ll)Lla ■ L]^a 
jLui-^l t <jL^L^t ^ ^ t“i LL^L^ iJ^L i^yd &! jlc. 1 
4 A j ^j- jL>11 ^^LuJI ^LLa-B . (^A >J^ ^ ^L 4i^ 

c^L%j . j-B LA*ij. a tjjJ^ 4 jLuj ^JlII ^jj3 ^ ■ ' ■■ * (j-« 

< v t^i ay^ (Jj —*— *iLi JjJ —1-u—A _ i M i fl H (_yB 

^^_utLjLlt ^ Jl_>.1^jJ1X1 ((TCF i-_B. jjjj, Cjd 

jjbj Interleukin-2 ^ ^ '■*' ^ a^i ^. 9 -^ 

CjLjj^_i aL! L-ajIj 4hAj cy^ _1^ j iH |»jJI Lj 5L_^ 4 1Lj 


SjLj ol-^ . * ^ ■ V m •^Tl II [S^3 

4 tt-LmV (j j a a 11 ^ ‘ ‘ c, * -.' .‘LU 4J^1 l-*. a 

1^1 t^_^.c-LlJl1 jL^-^Jl *~‘ ‘^ * ^j3-^j^^SLILb - a j t A. 1TI t ... -^-tl 

. ■ H I 4^LLa ^J '-LjjLuaj 1J 































4JjJl) g 1 j t Lll u ^JlU 4-u-uuJLI 4-ij C JLj^i 4-al>J1 

^c^Ij 4jJlJ i^JlJI ^ ^ ■ - -a j “i^JLl SjH4 ^1 i ; * (3jkJjL:^ 

frLt^c.L udjj^ t, vj, V JiiW t 4_c.mi 

(jJj jl »1 n (_yJj (_lIL1a j) 0 Pi tJ I"i ^ 11 4 J r 

. jJL ..4 jj^L>- < h Ii'fc. LAj.^ jI 4j 1I4 

'^j-* " ‘ 4.^L^Lj ^^•LsJI (Jj l>^3 

iL-Aj^.>Ji (]/uj ^ jjulII LjjL^^ L^j ■ *"j 

.4jtl^ , U*i-^1 4 y 1 11*1 Ij Lr^J 

1^ «j 4">-4 i4-dJJ»l lj^>Lkj ^jJI L^L.^ ij'vjJI ^“lill ^UojJl ^ ~ * J 

‘I^jlIJ 4*1 Mill! 4 ,i "hJI f^j-A (3^ L>^ 

t juu ‘^* ji^ 03^ o^ uj*^ Cy^ ^L^aJI ( 3^ cijljq^ I 4 ^Ll1I 

4ii.UJLl Lj3^^ |AjJI jJj ^jlL! 4*.*^ 11 4jr, 1 

(3^ '■ ^ tin <11 jLoJL^VIj 4.,;U^^^1 Lai 4 

^ j^\ jl J) irfiiC 4 ..^j^L^ >^llatll 

jjj ^ ^3 jC <jr^ ^.j-tjura.!! ^LcjJ u^IjlII dT ^J 

V n ** - ^1 Jl£.V 1 3-^ ^ •^■“j (J-4 -a 3 3^ l-iiJ j jLiU Ij^L.^1 

L7^ V Thymus 4^ "i % ■!! 4 "n^ 4 '» j^LlJi T L3L^ 


jjLjuaJI LuL^ I-V _n 1 g,L'x t i,^ij->. t4ix^ L^-djjJo 

j (3“^ 4.^j1j (J^Lu *4_^jJ1 4a„V a a 3^0 

|j-p ‘^ 3 )- ~ • '-^^1 3jlaJI J *;» ^ ^ ..."j 4.^j wJu£ 4 

^""j 4^-4i^l±j A^ IJLiJ i—fc^'v tT i »tl LyL^I 4 jj).4.mjj ^Liiaj| 4_jl,aX. 

30 j[^^-_Jt_j t._4jjkJLJI uv 3 -- l-a"i I it "t L^Ll^J T jj^LjJ 

T ij3t -^1 (^Ij^l ^LLaJl —Aj 3d>^ L>^ cr^ l£> 


1 u L I u VI I 111 




. L«» /I A 


jj 31 JJbJ 


’iJ 


3 ^ ;jjjl (MHC) Major Histocompatability Complex 

^1 _ 3* T j" * ~ ^ ta ■^Jl 3^^ 3*4 , I .., -^tl L3C^ 4U I II1^ 

(APC) 3T J " *N ^ 4_jojl- 5JLI L^L^JI i— aj—aj L^L-i. Jl ^rj 4jL-^ 

■ uyj^ u^j^j pj ^jjA> cj^' Antigen Presenting Cells 

















fthfUaJI \Till 


4 Tt uujVI (-iliju 4_l^Ij a ^ ^ 

(MHC- j" Lj^j^ju Ld 4_»-a t "j ^_ySL!MHC 

^ ^ ^ JLib ^ JZjT ^b Liaj antigen Complex) 


11 < ii^H I>l jt 1 IjlA f^jA cIjJl^u 

(UV) 

^ cjojk 

^Jju (^jJl 4 ■» ioj^l *-^j-Lt L/'-JJO:* O* *.'Ti3 

. 1 j^U 1J3^4^_>.| j^T Ml 4 rt!*< Trj . ^^t" n li III ^ U I (I I 


J-Ja-C. j! ^j) S i A Lj^fL^ dflAi jl 3J .‘ ^ cJu-^_bJI L-b^ "i IjLik 

1^ i>>t l I JlJk 4.jj_^ _ ^ ■ ■■ ^'* <^^>1 i Lr^J ~ ^ ■■> i Jj-LLo 

ijlj_SJI (_^L3e_»iS?l udll^l (_y^ jS-^\ jjJiJi_JI fjA 

( L-ttj*j_j_£.j T j B L^^Li. (JlL^ 4 j r.m J-J-aj ^auj (jl J-ju 

^ ••t , 1^ ^j-C 4, J ^ Lj |ajJl (3^-tajjj i., l i ». i,, isj l clj-^l (_yJl LAjJOj 

4_4J • i ■ i5C.Aj jLud jl I j) ^jMj^j-i^ (yu^^ j\ l-,uj£, 

Lr^3 4 j^Jl!I 2 jjJlII ^J T jj-^*» jt La 

^Li^j LiJajI t^LAj. 1^*1 ^La ^A-a. j^Lj 4ain^ *>^0 ^ 

4^^Ll^V| 4.A^l3jJI t^L!uj \a^ l-3^ ^"“*J 

3j ^ ^JLJtJ) (2rv ^jU* .^“ Vj a~i aI-v 

jS*J IjJX. 4 jLa^j^ a^jIxa Jlui^^I L^L^ 4 A '^L^ IJljiLd j-^Vl 

TL^'L^ 3* ^ l-A^ <L.jJ^ 4 j^.^jljl^( aJUlII (jL^ (3^^ I aI a )4-ii£r ^Lux^t 


jJjLiU ^ * 4j ya t ^ « a 1 U Apl^ ^ d -- .>,[ j!l j.,^ 

4j 1 ii-w ^Jy3^ <ZjAJ 4ji^ j yj-^ Lr^ t i i«i *^11 t’llt 4 La 

TL^i^ ji t MI nl 4j^"i« i^n dJuDI (jl i—dj[^>xLI yo^ .ol^t 

L^b>> 3 ^ ^ ~“ L^1 t 5 « ^ J. a .“. ~ ..." cPJIj ijJljlII 1 ^ j a ■ ■■ I ■ ^ > 

jLr^jj 3^ 'U !^a Ij^ (J-^ * ijJx, L^LJ y * ^ L^-ajwL^j ^ •Lui^^l 

TL^L^ ^jln'>ij Ltjjjij ^jiij"i A "ill .^LdJ ya jujmJl ju-u-j^I 

4KaU:xJ4 ^ . -n j .CfcXJj "L. 4 _La (^.jJl > Lr^ d .I ^^ 11 j Sj^ aJlU 

TLlvLiJl ajla 4_1j;^ Immune tolerance (j^iLUl ^La-lJI 4 jU r J-iJaj 

djL-qj L-a ^ IA J t) L^ <">..1 >il tSj^_A—xLi ajjL.JiJI 































<AU. ..IjI 4 j^ A .» aj-^\3 ^j.u£ljLjj Lo^ iLa j jl Lq <iii La 

. jL.ui -^1 oLl^j^ wLdJa . 4^1 j ^ a ^Lux-:wlj (CDS a < nj T LjM-> 

1 ^ ijjJjj ^JLLti ljub 4 ^jLnI L^\ ^*i!l 4 jl A ■ > 4 jj a 

I Jlaj Ljd IjLAj L^CL J-tla ^ \j 'T"^' T L^LjL 

j. i"i (Type-1 ^ • mT! (Liiij JliLoj .4^1 jJt <i£.Lill 

Lbj-jJjju ^.j.^L j^LIjJI ^ ~ j* Ij^L.>- ^ ^J~(JLli f^ljjJl ^^Ljj^l lIjI j ^ S.i^ aTlII 

L^JLaJ^J i jU \ j ^ ^ " A A,V mi » i ^ a ^ 1 ^ " 4 til HI ^ti 

^IjJI Au£. L^ 'cT JLh^ ^ d *' '^ J ^J ^ t . aA " A 

T L^LL j-Ifisj-j i*‘i^u>. (_^Jl^Laj[jJ 1 JjL^Lall (-jL^I (JL>Jt (III! 

ftla'Hjj (l^ jr. Auijj^ L ^1 (J-l^LaI 1 L^LL 5 j^ A^ll 

4 ^V*^ 4 (LI J “xl a. i > n"j ( 4 JljJ_u L.Vi jjJLfcJ (j-^ajp .1 
(jl Vj .<UjljJl 4 _^mi 4 ,i>^LiJI CjVIjJI ^__i gx IjkSLbj . 4 ^j^l 

i-g-xL^I T L^Cx 4_^l^l 4.^mi I Ml A (J^ 

^ A BJi^Llu^A ^ LT^I ^A.^u,>c 3 uJlJ Lgjj ( 4 j|j jLi-uJSfcJJ 

jjJLSj j-^j T • * * |»LjiJi aVI 4Jua j^L-^ j-j L j! 

4 - 4 J Lj* aJojj^j Grossman . j. m ^\^dujj^ 

^ 4^1 jJl 4 £.mi LiJjLi^ 4 jL nj 


4«rit;yi Mbit j«t f Ui 49 «mi uuaji iti^i 

t (lAa~i . 1 l.( uxH 4_C.mi L^Cx ^1 ^jja jLxl jJL^ L>^ 

4 ( mx^Ia L^C^I <iill] fAitUaJi Jlx>l JL^ . Jiiixl! JUla La La^ 

<.lllljt (J/uji ( .VIII L^Lx l^L-a- id->]j L^jLdl ij^j J^-A-» V 4 A jV A 
J_>o ^^^ ^ . .. 'w tl I Jxu ^jL^ L^L^Jl cr^^! W *5ljJL!l 

L^L^JI ^JlA ISL^a-u •^•i (J^U JLxljJI t ■■■ L^Lx CxjL^ Ij1 Lj 

,^j£. iZiJj-cu JLaJ ^«JU S|A VgJnll ^jLi_ihJ^1 ^jLi Jij 1 -X U ^jl^iill ,^j£. A^^J_uLxJt 
L^L^l ^Lj \j^j IV J (^j^il A ojj-ui L^V (Li A11J 

J-xVi 'Jl ^ 1^ IA< t Ja A J tj( t 

A J1-^ 1 it 1 L^L_^1 ajla Aj ^j^JLa J^Luij 4j ■*■ (^jlII ^ ^ 











'i^UaJI ijaI jo\ gLic9V^jr stiH 


jl3 j III 1 ,K ^1 jli V _Li-u.j>Jl ^ ^ 

(Jo-b-isVl 1^ (1)-^ .4-j:k5L_c._j 4JjJl_»j Ju Vj ' d T ‘*J.* 

^LjqVI «.IjLi 1^3-^ ^ ^t^ 1 j Lq^ I ^11 1 1" ^ 1 j 1 Aj, 1 _. •" 

I J L>^J * ^ CT^ ^ j ^ JL>J I 4,j.l-^J 1^ 14_^j t 

f\) ^^'LjlII 4 a.l -V") 4u\,\ ^jLaiASilj 4-^L>Jt L7^ i—t~ i ,^jLdJt 

. I 4 j C Jl->J 1 4 jjjJ I ^ 1 **■" ,../... L^ I j A jCt I ^ 

Ld *4-^1 jJI 4^L(JL1 i_dLtl -^3-* l)^ '~'."J 

4^jVI ^JUb •4JLl djL:>.j ^ ^~n 

t4_£.LiJLI t-^ cjLi^Li-u^^ l1jLjL^!i!V1 lLiI-^Luajo a i ^^..t,t 

< fij <1 jfcTi Ijl^ j— i-j-^ ^ d'Steroids 4Jii-jai 

3, Itj, I Ml 4^-pL^) L^jlji i4jL2jLL<ajQj atl^ 

L^^ ,4 -LJ^Tl I nj Vj ^ fi jj.,t*fcj L 4 -A ( J_4.u_>J1 f t ^ I j ^ 

ijJUjb cilljl^ . 4r!riUj 4_i^m 4^L>J1 JliC. 

3j.d.>J.1j 4 j u41.1 i Cytokines lZjL la.ia.d 4 j^jVI ^JUb 

.B L>U SjLj^XI ^LuatkVI 

3JuJu£. ^l5w.i")< Jk^Lj tA^IdJI 4-^mi (jl ^^_lu!uJ (jl IJj J-L.->,Jj 

f^jja d. ij »I t M irf^j ^jb La • LuajI a ^Ll^J 

^•lldl idl i fckJ 1 ^tjlJI (dO^ ^_|L*t <0^ - ;_£^ ^ ' 1-^^ iT’ 1 ^Lj ^ ..■11 

OJ*^ (1h° liy^ Co^ t Ltb^-aJj^ -1^> aA 4 i.!! ^ - J 


Multiple sclerosis jjLtdll ^ dx^~Ji Jllo .5jjL^l L>LiJI ^ 

.i^Lj.^£.VL) ■ j (Myelin) ^jjbjdi 4 ail^ j ,.K 1 ^jJI 

t4 iu 1 1 l_ia ^l^La jl Jl^Ij j L^JljLualj JUb 4 L^i ... I 

^jSLi « Ljuajt ^^LjlU ‘ ^ ^ ljbJL)-U>uj 4 !^.^ \ Ti 4 ^ 

^L^Lo < tj (jT^i 4^1jJI 4_cLLl.i lIJLI^ t^LdJLI 

tjl 1^^ c i^A jdL^I 4 ij jT . V "l a j Lupus 4 iVdl (JULx lA lu '^H 

jd_^l jjbj ^II i^ilJjL^^ jlL'^IIj Ci^ i>> tllj ij*~ J KU C 

f^i ^ VI jJljlJLII Ijub . JCrKjJl L_^_La CjIjl-j— i^1 
4^jj 4_W« t V (Ljjlxo 4^i^tl ^j^LaVl 

.j-^uji 4J! 


























1I 


^ i4 -j_£. Jl.>JI ^ fjSLjuJj 

Ij^^-^I (j I u'w! Liib I Mji i'fc. j c3j-i-uj L^li V V"i I 111 4j 

.^^LlJI L^jluijI^ 1^4aIj 

^SLutilUl^SLcLfcXl f^1>4i ^^4^ ^1 

JjLJv 4^1 jji 4^mi j^^Lat JJuu L^Luf Ijj^j La^ 

Richard Burt ciUIi *j ^ ■ -j j \j^\ 

^JlU 4 \ <~M<11 4 jC,V ^tl I_^11 ^1. 


JL 


.L^l 


t J_ua_:^l ji 4 '^1 1 Lj^L^ (_yl£. tL oia-dJI ti—dJl-^Jl 

^ t^*" I m" L^j ^ikjJL! 4*1 < »ill 4-^jLj^t lj^t..^1 jjli { L**! liilj 

. ^ ^J'^ ^ 4-4-iJ-faiU ^ LIa 4AjId j cZj i J 4^IJ.4 

4 . ..a\ ^jJJ 4^JU^t Ij^L^I : 4^1 ll'»" I iJLI 

4_judl_^ CjI^ a 'fr 4 1 - (S^ rt ^ 

_‘ ‘^ CjL^-cSLj 1 ^ il-V^,.fl HSCs ^JlU 4 *! .*:. i 11 4 ^ 

Lj^L^I ^jla Jl^Jj ^ .4^1^jJt 3jjjlJI 1^1 ^iUnt,.11 

4,-if.LlJLl i^jJi ^ ^ ■" ^ ^jdJ 4 liiiuJll <L^x.JL^l 

i^jja (J^j^LLIj 4.^^L^ t~il I JLaj ^ 4 i>>LiJI 

JuJlIc ^ ,jja ^jU 4 n»il 1 4 j-C.Jj^I 

^^4jlU f^^jjLju Ljl^:>^lj . 4_4j ^^3 4 y i^LlJI 4^11X1 LMSJI 

Li^4_^t jLftj 4 ■.. ^’i L_^.i ^^l ■ .".VLi 


Homing(_3lu=»Vl 5 j>*JI > 

(Ll^jj 3jLi«^ ‘ “*"j 


^ I * ~ 1 


itJ_^ i(j-iaj^_Ll (_yJJ SLilXl 
udLijb^ t|>lli^t!l i^I A.Vt 

3 jt ^ ^JUJljw 4 ^1 ^1 4"dlj 

. ^ ^ ' '■ ^ ^ )g~ ^1 A ^ 111-^ t jLJfcj^ p' 1 i j Jt 11 \_iX 1 ^ jj >^IJ ju I 

j j ^1 ^L-sc-Lj 41^ ^ ... ij 4 .^^'iT! 4JL>> a 1 / rt . U La 

4^1 jjl 4x.mi 4*^ 

(_yi 4£.mi Ij^'L^ tj* Cy^ u^qJI 4-*-=^ 4j 1 ^1 Luk ^ ji*ii^ (ji 

LqJulj i^ \ _ ^IjjJI jjj (Ji^ J-A iT LiLi^ l d^j .^ jU-uJpJI 

i^jja 4 54_L>. (j-iiJj - 4 j^— ajJI SjjjJi pUajJl 























gll£3 


^ j JljJlI*.^ t^Jlll ^ A^1,1 \ 'fc.tl Lj^^.aJ1 i^I Li^'L^iJI 

L^*!^ ^jua 4_L^La LLIjL^ Lq Ijj Ijl-i2jij 

Jl3 Jl11j_^j . ^>LL>. ij J-^ 4 j La L^j L^l j 4_c.LlIi 

^_)^Luka (_jljl^c— iJ^ ■ p it' ■» ^^^ ^ i^JlL! ^ ' .^.<11 4-l^iJL>«JI L^L^JL *“i ■ ■■« 

I~‘ L)~^ L^L^I jL>>i juV LAj! 4£.LIXI 

. ^Lu j^jlJI ^1 jLa^l ji c^Vl jl 

uiiLu-st-U (J2tLj ^jJJ 4.!LiiLlLI 4^x.jL>Jl L^Lj^I Lii^l a *^.l Lo^ 

gJl tU ^Lj (.dJli .4_^l jJI 4_cmi ^ *1,1 

4■ aI-L!I _ JL^jL ^ ^ a~«iri mil 4_j_^Juj^l L^ -LJi 

g > 4_2j^.^i Jdua^j . 4^3L^ j .^•11 _ \j^ 4^^ 

f^\ 5jUI *Cytokines 5jLa j_^Ij pLaJJ ^>a 

4_3£^ J-tia-fll (jf -J^jj .cjLL^^VI <111h"^ CD4j T 4_c.Lill L^L^ Lajj_^ 

t*iiitiaj jjj5' I lutt alxl^ 

l^^,,aJLuu^ ^L.AJL1 (3^-4 4 .j:>J 1 <i,Lj.ij.al Lo^ . j ' ^JtLoj 

IjLua^ (jW .^i.ii^Vl ultljLswj I ^ a _ 4lia 4 

3Li^3 — -til 1 LL i ^ ‘ 1 1 .1 j ii 1 1 ^^jLi Lo^ s t ^ ^ ^ 1 I g ^ 1 1^ ^*11 j .. 1 1 ^jLI 

^IjjI Jl^! ^^Lc, aixJb C^.i m! JL^j . Lbjjf ,jja 

.Murine lupus i^jJI 

*y ^ ^ jlU ^ V Ain UM^( j3>LLui1 

^loriSL^UXI 

4l^j^ ^ ■■■•*" i^jja ^jlU ** *' .^.*M 4_j^jl>JI Lj^L^I iL^t L;| 

Jljj^ _ 4 y tjoi-LlI 4-£.mi L^Li^ 3^ 4 in -w ).iiJa£j 

3*—1-0^ ij 3^>.1 «« ^!i 4.^LLa 3^~^ 3^ —L^Jua 


4_sul^ ^ i*aJ 0~^ ^ 3 ■ ■■^ J ^ jLfcu 

^jji j ft 1 j I Jjbj .5j...a 3^ 4 jI£. p ^ *^-4“ i Jluu^I 4^L1LI < a a j>> 

.pJilJ 4l^^iJi,l 4-^JoJI L^L^L) ^^LiJI 43L>J1 4.dJ^^33Jl ^j.a.u3 


4_jx.j->JI L^L^I 3* J t-'3 ^ f' Lxr 1 g .L ^ \ ^il 

L^" ^1 jjbj ipLlaAJI (j-A 1-^j ^ > d_gL^l--f ^ LiJj. ■»• Vt pjJJ d * .^.*11 

La£. laL^gj * l^-ygL^ La£. ^l^JLuaVlj 3-^^ 


















Jl^I 4jkjL£j ^(J-4^ <-sTj j ^IiM 4^1^ i^j^l ij^LaJI ^Ij^l 

<LdJl.4 aII 4->-Luj l-v 4.j^jJI 3jjjJ1 t^ I A. U U • tl jjLkJ ^1 Oj^ 
03^ 4jijL£.1j jlj-u-jJI (J/u ‘"‘j f<je.uaL i!I L)^i^%JL 4 

(JjLAJ ^_^mi jl_^.^>JI Lliljjt j1j_3-3_uiV <liei-3^l 4 jl ^ *U ^ju^ >jJL-ujl 

4^1 jJI ^■ l^i .^.> 5 A 3jljj ^^LiJL)^ 4 .^Ljl1I a^LIXI 

jljl jjl ^jlcr^^Wi 1 Lijf _ 

^ j-^-aJLj ^ ‘ ^ t 3 ^ ic^LjjJl 3jl A 4 _^Ll£3 ^^3 . i 3 ij ^1 

^3j LjQ Luaj.^ ^Lju Vjl^ 1jl£L^^ S ^ j“i 4 4_^Lt^ ^JjL^ ^LjjLjl (j3-3j 

.Sjlj-tia Juiilj 3j^la^ 03^ L>^J~^ 33^^ *^33 

4_ljii_lXI 4 j 1 TI Li^L-3Jl ^1 ^LXI ^Ljo V LijI ^Ll^VLi Ijl& 

<je_ualj <^Lua l_i^L3w ^3L3 JIIj |&jlLI 

t ^^\ 4-^Ij 3^^..A L^L^jI .^LjLJ (_bj_i.u (<4JJ3 L^ d a a 
.AjLpk- <^Ij 3^^ 3jtj)h%. (J^Liiij^ 3 juj.^ j_^ 0.5^ ct^! 

Lj^L— aJi -~i .-^Li ^^LjJI 4_lIaX. «L^1 L^jJL^ ^^^.311 ^llajxVI oJJt 

Itskovits ~ Eldor <laii La ^^3 L^ i3-^ 1 (j^jlIJ <3.uiiXt <^^jl>J1 

Lajj_^ 4_j_3j Li^Lj>> CjV^L.i.u a.1 4>*1 ...I \ A. ii/'. T * * * ^LaJI 

Embryoid bodies 4,3^Vl ^ d j .* ‘"' ^L4.u-'^! L^la ^ 

^1 lLUj Jlsj It".^I ^ <j3jj.>J 1 »“ii 3.U.tl Cj^L>' <j^i^ ‘ L^l^lj 

LiyL.3d1 ■ ..^t! 4ji jl^ ^ ^jlU 4 ^ w.iI,I 4_i_c,jL>JI Li^L^I 

j^jd] 4*1 A'di 4 .^Jl>JI Li^Ladl (ji U. 3 ' L ^ ^duaj 4duill1 4-^JL>iJI 
< j Ir j ^ t» 3 n V ■» !l ^Jj_>JI i^jA ^\ I^tTl ^_y~^ (j-a ai^-J-u 

.|^jL>>l 4j^ i"w. Li^L^ ^Jkieduuj 1 jJ . jLJejQ L^al JLseluuil 


2LujIiJJ 1 iL^mi ^1 Ij ^Vi"in1 _T 

4_j_^Jlj>J 1 Li^L^adl (j-ulj 4 4_j_c,j_>Jl 4 \4.n ^_^Lj 

Li^iL^j I^xJlII Li^L.^. 4 1^ 4- ~ .fl 4_4_i_u_d_Lo 3j. J ^Li^L^ L^JLj^_>iJ 

4 J f , 1 L^^L.aJ1^ 4 jiji-^ll 4_j_jo^j_aJI L^L.4J1 1 A, V t i (_73 Lj ^ .4_^Lli1 


















axUaJI ijaI jaI gUcg 


4_jJ^Jl olj— ^c-AI f'^11 lXLIjj i(^j^_j_ijJl jJj_>J1 

(jl (jjJ 4lj^l3 *^">1^" j ."'■*-11 5 ■“ t I^f 4 jX.JL>JI 

SV ^ dtt j 1 (u ^ ^iHj Lo^ I i“jn L^Jj—uaJ 

tSju .i '^1 4 'L^LlII L^L^JI JiV ^ I A tu ■^11 iL^iiT ( j 1'» ~iI L^ljj ' dL* * *~ 

(j-4 '“' Cy^ 4 jf.,i "kU Ly ^11 j VI (.ilJjtj 

4_3c_uijVl J 4j^^£[JLl CiLL_>J1 t ^ j ^ iJ^Jlj ijU ciJJjij i4jI j 

i^La ^^<l 2.^\y\\ L>UJ| L^ MHC 

4^^Jlj>J 1 4JkJLJI L^L^I l^ijj Laj-^ju ^ 

. ^ jiiJ 4.j.iiujiJL1 

Stromal stem cells UjjJ^\ LjM>. 


L^L£Laj ^LIojlII ^ ~ ' 4-j_c.jljJI Li^'L.^I ^^-aj 

Cijl—t-ijjJu^SLJI jf 4- i .aj^— 1>\ r. L^l—>. ^1— t i "i'i . 4 j < 


Ijjj (1^14 uiJjj jumJs L 4 -C LiJaj^jM c- 4 £^U>i a.!I Chondrocytcs 

^1 V). < J ^ ~ lull Ij^Ljil. 1 UAJjl ,iiia «!i uL>IjI ^X.H ^1-JU 

L^LiJI cdij jijLifciujil ^ ^^V ^LaJI 4_2ij^j Allay J. A. 

^^lll IjlA 4Ja 4iSLJi*4 ^1 ^ ^ 4^^.^.I,11 „I ^LLo Jjmj Ij\s^ J-OJ 

L^lx. ^JoLa^JIj L^LijiLi^) t (j-^ 

.4^1 jjt 4.^mi (jr^ l^joljLitoj^l ^Lal 

^1 L4 :4.^Lt-uJI (^jdl JLi-aj ^ ‘*^* yj IjLAj 

S44£.j_^I 


Embryonic4^Li-U:^l 4 jf.a -^11 b^LiJl \ M^y I iji 

(>=^ j>- ji^ jJi L^L>> ujj-^^J ,j^t 1 4_:wjj (Stem cells 

Universal donor«L4L£: LJajl^b i_i_iti:01 4-^j^l L^LiJI ^jja 

4jj^~ i •>ht Lcj Vj ^ 4 I ^1 j>^.iiii ^1 ^ d' ill 

t<a4_i^JI (3-A^J ^4jkjj 4 j^,^uaIjl] 1 (j-4 L^L^I JlA CjLio^K 

(j_4 (Jiia_al cllLi-A J-Aj J )i 4~> jl L^i 1 4 ^ L^Laj 

^ d S . U> 11 4 <“.■■■ 4_j_uJ.:>J1 d 1 *fc.tl 

^LtJI ^ 1^*11 d d . 1 Li^U^I ^jla .j.Ju-iJ1 (Jaj L^~i -i SJ 

L^l LiiJj .3l_L^1 cjV^Uuj 1 ^14 J wn *1J 1 4)1 






















< 4^ u I'^ll 4^1 > '^tl L^'L^I lIjI 

jl 1 1 ill Ji^jG (j^^ i*‘M TTI MHCs 4 Tt I ii’iVl (3jsl>GJ j_y-ijjLijjVl L-iSi^l 

^1 «jjj '^ti ^LftJI 4JL4L>J1 L^L-^1 ^Jj) ^ Ts J-GG] 

^«ju )4 Ju 4 ^ ^ ^ ^ . i -yj J I » '^Ti jLaj ^ 4_^LjjQ 

I ^l<^r Lj^L^I ^_^dUX4JJ i4G^ t~i i u jJj 4J 4 juIj L^jI ^ i4-La 

L^LdjJ att '4 jj11 4 .^Jl^J 1 4aL^l cIjLL^ (J^JLj ^Lj jf .^L£.jj 

i i ^ 1.1 GI _j ‘.‘ ** 4 '» i ii‘iSfi CjLl^j^ iGaLL^ 

^ Irt 4 ■*»>■ ...‘iS?l ^ . ..t . ..Vi C ZjLujj^ ^ (^LlJLj 

S4>-^ 1^ ^!l 4Juft ^LgJIjj 

4^ljJ1 ^Ull 0^ kiJJjJ^ i^ljL^Vt ^Ij^^.>JI 


,4JJ| oLii^iitE-^ j-LlkJLja Ll^^_dJ t*-■‘■j 

4 S^gj R, W. (Osorio jt^* CiJI 4i«4 L^j_iJajlj Ij^j 

^uji 

















^ j-jfl (j"*^ ^^»*tii 4jj 

S (J^Ju ^ 4.^ ..U^a 4 jI^Lu^j 

4jlUl<»j 4jJj|^ 0^1 4 t mA 4^ M f. iPJjJol 

^JL^ .0^1 4j! ihj i L V j ,.j r La|^ 

Jlj 1-4 ^ 4JLb7j «., < j i>JI ^.u^-dJI 

t- tJu.ij! (3^“^ ^ 3L.>J1 (3 j7-^ 

. ^ JL»J ^ ^ JLXJ 

5Lji_«Jll j-A ,J£j (±jl J_>.Vl ^Jl-A (JS^ Jj _a 

4 ^ i S'".! 1 [ ^ Jj^l >r<l t "v 

‘^1 L^lj-a! CjljL^ill (J'OJj L^Za 

»l i>iSn <Lnj^-LD ,^j£. «*•<■» lilj ij.^ i.ajl 

jiLcJI 4 o' .^Vl (_^ic. L^ 

^! 4 i^l ^Vl VI ^-A L^a 

j^l _ uji j7 ^al^ji _ a ■ i "i a^> ^1 4j] 

^ ^ ‘ * 4 J ^^ t ■ V" < ^ < La^ . ^ i_i..-fc.!l f 1 I 

Ll^ Vj Jlji _luu Vj i»L^ V 1 yi3 -^!lj 

*"^ '*'■ ^ ^jylj ^Lo^uVI ‘ ‘" * 









aj^[^ Lllliij IjlA ,. VI t^(_ti^~t J-iSLll t <j 1^") 

ij-j-S-flj LT-^ 3j^ ‘ 4 i iul^ll 4 ji <1 t!l 

^ 1 \\ U1... jl i£lLa jJ (jLi^l (^1 1^ <0 ^j^Sj ^Ij ljub (j-u^l 


t^i 


Jf 

t' (jiJ^LtijVl lS ^"i t m <a JljJ u-u < 3 1 (2>-* ‘ 

^ La JUJ 5^ r.; J^ V itj^l£^<;.n (_yB islets cells L^Lx ^>0 

j£Li-uJl ^ ^L^jl L*^ c->-n.a.l 4 ■'fc j~i I ji < u >V1 lIjI m ^ 

(jLj ^ L1ji^_l1:3 . Ij^L.^ 1 4j(is^ ij^jjJl 4 j r.jVi 

L^L^l (JjLSj ^>-JI i jla (_yjs (jij ^ ^ ^ j . 1 ^ i^in Ji-« 

4j^^JlII 4_j-^jS/I ^ 't" ^ ^ t jijIjI t^ji (II iVl I i < u 

L-t^UVl tfUl 4jlj i Itj g U^LiJl 4 5j4jJi 4 j^jJ1 lIjIj jt 

ftUl 4 j ^cSLatlil tfLJl «(j IIj ^ A)) jLfl ^ 4_j Loj ^jJI L^LSj 

4_j j»5-5j l..4..fl i4jlj iii$VI AIjI-oj 4di-4.ij (J^ jJi.ljJl 

CjLxjj^jv jL^Jj ^c.A-t-uJ i’LjJ ^LcL:k _ 4-ii^l ■? i -A_^_ VJ jjOb La t-juVi 

Cr^! (J^^'-dl ily^ j.SLdl (2>SLa-^ ijJJIiJj _ 4_d.>Jl (j^JJ 

LajLJLJ^ - ^ ^1 L> H ^ 1 * i l d li ^Y ^ I 1^^ i^-v. j d ^ a 1 a M 1 ^ 11f*. a i ^ ■ 1 -w 

LiilJjb mia IdSLAj ■ i Ajl (3^ oL^^SLijj La 4 j1^I Jl^Lj 

i^lJLL 4 __j_uLjVI 3-^4-) t 4^ . ..4 «11» ^ * |«J I * sl^-^ liILLa ojI£^j ^jua > 

iL^L^dl ';J)^ ^JlA ^1 ^4-aV 1 . i. 4.J iLVI IjlA l- i l < i ij 

I a a"j 3-1 <_]Ll^ JJl£. L^i^dl 3^*^ 1 

3^Jyj 1 jgj *"j c_i_iJuj L^L^ ^tjj dr'^ XII 4 ^LIoJ 1 11 fl jrj 

3La3^ ^ ijjl .Cj^I 4 t t—U j Jilili M r, I ^ i'>».L lq 

1 j <^ ( ,i T l jjj^ 

LiJj-B 4 A w."<a L^jI t3>^ 

^jLLaj V jJl -t aKtl ^1 jj ■*.!! ^jd^_iJiJVl jrLjj *• ‘4 .^JlASjJ 4_<jJIA j-ijju 
. 4—ulji^l 4 . f. 1 j^11 f 1 I i^jj _ f.1 11 i_>J LaLu 

lIj 1JL^j_j-iJI 3Li-j| 3d>^ L^ ‘ i "X i 11 jj-a (jdj-J-u-jVI Lr^i 

j_yi£. 3j ^ ^2J J 'j 3^L (_3-1| tjdj—(_ ujV1 




J> 3 














jSauil 61 jf \ 


<—li 4 J-Tl^LJ 1 • IIJ^I J ^ * jg ^ LTl-I 01 4.43 ^1 -1 J 1 . jujVI 

t 4 jiAiVij t 4 JJ^ 4 4 iM 4ji 4C 4 n d 

IjLjfcj posttranslational protein modification i (4 a » 3 JI juu La tlryj^ 

L^L^ L7^ i4-^j^LjjLjV1 4 C 14nil V| ^a3j V 

(lT* ... 4 !^ 4j£i jd1 ^ ^ ) *—^ Lj . .. 4 .11 

^_yit 4 i jt . ^3-*. j 1 ^ ■ ^'v- ^ **• ^ ■*■ tl 4 ~ j 

4tfK~ill «..^Lx (_yJl \lx^ Ao^jLL LliL^Llajj oMjJJIJ ^1 ^Lscj 4jl 

.4_:wlluV 

juvenile - onset diabetesjiType 1 diabetes jiLJt ^ 

t . 15 i7t cLjl-^bj jl • tnW 4^1 I JLiLs^l t m 4^j jjbj 

L^Lq^L^ tJLpj .4-4 .u^ jlmc^I J-U9 ^_^LlII jl ^'nJI IjM^ 

^^.33 islet cells L^L*^ (jt cL^ tLuL Lu,a^,.il 

j-jrdj.4^^L uAdjlL ^l3JLjj i4-uijIj 5^>'~ij4q I ^4 

Adult-onset diabetes ji Type 2 diabetes jSi^i T 

L^c^Ij 4 J L4^ ULc (■ 4j j-Aj 

^ 1 ^ "_1^ 1 ,^j£. ^ ■■ ■■ I j- '*—>-1 ^ ‘ J 4^ «J—I 1 4 L^ 1 i J.Ij Lc, 

jjjj Laj (_p3^1 ^ ^jJl i-lUj ^Tia i3«:LdSLj ^^;\Jj-4JijVi 

. 4^4 4j£. 


J&JI ^J0 c)U 

‘ •“* _ \ 

4 jjVl 'V 1 iiU ^IjJ ^^Lc. f^jja La 4_jj (J_j-3j 

IjJ-i-L-j ^jl <-_4_:^ 0-^ ^3 ^ U!>^>-^1-:' uAr*!-*-*^1 jH* ^^ U* ^! 

4 L-^^J CjIj^ 5jlC, (ji-lj-J-ujVl JL^U j)l i 4J . crd^4^ IV1 

j—:Ll LiUjL^j I j (.Ij^LiJl ' J ^ ^ 

4 T* J ~ I CjI rt f.l .iT^U iiiH 4 4 jjr ~1J (.dJ juj 4 mV I 

.jikjJI SjLjJ 



















^.Se-L 


^ (_7-^l ^ ‘ • • i^J-^ ^_^lj^ 5 i>ylj ^J 7\ tj 


I # I Jij^ 4^ 1 a ^ 

ji « 

jL^ ^ (J-^l 4 jl^ ^ /AT jL>>lj tTyp6-2 

J "‘ 4.^14 C: aAJt 'v ^ ^1 ^1 .^^£LuJl I*5 

j 1 ^ ^ L^uaj? (Jj 4« rt 4 4 It < /■»j ^ ^ '*■' - i^4-^ cJ^ 4^1-1(11 jl 

t“<<ii jl 4 jia f Cj^I ^Jj 1 4 i*i ^ajl ju (j.Ajlj^.£Lb L7^ tJj? 

j-LAxU JLux:^l Ja-^ 4^mi A A dJUijj IjU^ 4_>.LLa 

2 LajL 3_4 ■"" 4 j^jI Is^Si rj ^ j ^ ^j L«^ ijujlj^I 

Jl^Ij (jl I yj (jl ^JJL!j .t_jj^^l i ll! (_ytmi jL^^l 

3jl^ jI <*(11 S-i tl 3Lj_>tJl ^jlja jl ^ i! I lift I"U ^IjjJI 

^ 4j^I < . "i. aj J <. .. I I tb j£L<-iJl ojSIj 

CjLj ^I ^j a ^J^\ .V 1 ^^ 4 . jt, ^ >ij 11 «i> ^tl ^jLsc^j 4 j:.LJLI cIj^^ mi a 

JuJut .V_tJ y 1^ i4.j ^ 1/^ ljUp (4.11^^ i4^ ‘^J-^ 


■islets cells Pancreatic 3L^b^^s:i^(jtj^* 

tj.*il^^ I ill ■ ^^SLuJI C.I J^ ^4JbLju9j.>Q c^bldVl 

/ 4 _c,|jJ[l .Uj .*" 4 ^j| ^ \ ii-v Islet Cells in>^d 4 ^ *1111 

- (_^mi jl g 'yll 4la_jJm 4 ^jV| ^j! 4 ; 1 ^^ i^l 

Cy* j CjLj.^4^ Laji^jl) **■» . Steroids 

^Jj ^^LjJIjj 4^j|^J_I1 aJJb 3j^ IjlAj ^ j'n ^ 

Jsmes Shapiro jl^ .4^^l3jVI 

tljJl 1^_3C_^ IJu^ ^JtA\-S^ Y* * * jaLjJl (J*i ^ili 

4jr-;:li Islet cells LM^ ^ 5^ j ■< oLj^oiLj Type-1 ijj*v.i.!l 

Glucocorticoids j)lVi 4^jl \ ^ i ^^ a _ «.i 

J*3^1j. t ‘t^3ij V ^JL.i.u_:^l 4x.Ll4 .i^ i'7\ jl (Ji3j 

'>nT1 Ml 4 fjt Vj .j^£LuJl LAjLj) <~rd"l'wl 5jl 1 4 4 ^Lij 

^ ^ 1 i H 'n A t ....lit' ‘ ** * ^ ^ t J . ul li, ' j*jjU PtS^ ^Jiyl^. 

,1 ^ tLoIjJlj 3jlJ^ (J^ 













jSjuyJi ftbjCiXail 6k;iiiJI 


iDuctal cellsb^UJI-t 
^_34 Tarek H El-Metwally JijLL> Jj-ajv 

Y‘ 'V ^LJI JOP. J Pancreas U 51^ jya oj-jJ 4 - 0 -^ 

1_aJ _^ ~_Ui_4 -jl jj^Ljj^LJu *-70^_?_ ) [Sj > * 

^jLLaj t(i ^ — 6 -:* (Retinoic acid i Ai3 ' ‘ i 

^^^ '1 ^ ^Lui 4 J ^ ba '*■■"■ ^ ^ 

'lj* ... IVI I bLloLI 4-1^jJL 1 — Li^L-^dl 

l^ji V V( I III Ij^L^I JJl^ i i 'w^jjLj 4__i-uIjJu^ 

5jLc.j i ^ t c~/ul _iJl ^JlA , 1 liJL^JuJtjjJi (jJa-4-^ 

A A ^1 dbjLc. Dedifferentiation^t 

Ll^ 1 t j ^ isj A Iju^ fj^j). .1 tVl 

L^Licll ^jl 2 JI jjbu^Jll Ductal cells 4 j luL^iill cijl^_Lail 

w '■' ^_^Luj1 4.»ilift,r. ^Lljf »tjgJj^,.i(.*i jVI 1 ^bj oUj—Aj..^ 5 '^^)-a11 

^j! Acinar cells llUIl-Sj *^^4' 

i ^ ^ a "it 1 islet 


**- j ,..l^ .!i 3 LI 2 JI ^ i 4.^i^L^dl 4-3t^^^_dl ^ j^ 

L^Lukj (4j^Ij^£L 1JI 4ji4^ jLc-Lb lLL^^jj^I 

Ij^Li- (_^1 jjLOjJ L>* 1 ^)lr>lj 1_JS jSliJu 

L 4 J t J .11 |_^| (<, .*» tllLjja l4.a CjL4j^yi (j\J^-uijVI 

.3j^IL4 L^I < 11 (»11 IjlA t4jL^^Xa 4 ij-a- c. ol j j^o 1^ j4 

^LL 4j lt~t 4 \\^ 1^1 Jl.33x.I j_^-jjlj9 IjJ 

Lbb. (4 l\^ YY * LiJ^-OJ \jbJJL£ .1 III'^II c3^ 

fjji nAjjJ 1_* 4 ■ ...LLa CjI^JLj j ■ ~ U C t3,?^ L>* 

L^Li. (jrl! - 5jLc.1 ^j_4 iljjL^ Lo _ J^J . 4 J > 

Ij^L^ (^/u 3^1 n A Islet stem cells 4 _^jl^1 jl)^ 

^b• I ^ 4. J ^IJjI l7^3 ' j ‘ "^ 3Ll3JI 

t J J 't(3j i-l 'w »\ o Lj^'L^ - ^ A all fj-N i'^Tl jajL^ 

c£il2 ^1*1 I ^j 1 »1 ^ f I I - i b I A 1 

S'°^) iLwjii 



















jSmi\ e)u ^t^t 

1^ aj (lJl9^_jj ^ T1 (_^jJLl tjL^ Jl_*_3 ^^L-C jj-C i 'l-if i t l jl j i c . 

^cjt L^ It fj fjji ljLj ^ ^1 aUTlj ^j) .<tUll 

L^J .^.A ttl <d j ^ t -^tl 4_J^J1 t.ilij frl d .tllij (J^VI I II fl “Ij 

. LjI^ ^ ■■* * *< ^ J (J^ JLtja 

LAjIj-ljjI lj)i jm 4_^jLJ^i 4ai^l ^j-a 

^4-*^ ^1 ^ ri->ill ^1 U“ Iy~ (jj tULujj IjJI l^<ilnr.Ij 

^jjQ 4_il>. ^1 L^ j j^ 4^au^ Ll^‘*S Ij^L^JI 

1 J . ,. Lq_4 ^L4. d ^ Ji UJ*- *^J iJ’O.^l—Jl |jp9 Lojlj^ 

. jbjV i{^^^£L-iJ1 jJI 4.^jl^I 4 ji-^H \ Vj i iri 4^. \ 111^ 

t^jjVl CiLdo^ljJLI l^j'S - i 

»j i~ i^JL I ^1 I n |1 lVl u,5^ ij^ “ 

. LaLoj ajjLM 3jjL^ u3^ - 

i 4 14^ I ^ Vi A ^l>jl <^i .,<1*1! (j^ - 

^x.i.ii.'x u;>^ tl^UiUt 

^1 (^^^1 \ -wU L^L^I (2>iA 1 j<olc Lx^ . LiJLlii^j 

- ^ tl . ■■ 11 Joji^.i.*^ I 

„ Ij^L.^1 cLj^jl^JI Li^A_^I iJ[3Vt 

- d i 1,1 4_i^ij^£Li_J1 _ ^^iaJLj 

- L^jJla^ (J^ 4j ^~iA~*~1 LaJ i4jJLJ1 4.^JL:^! Ij^'L^I i^Ull 

cdJj LoLqJ ^ ^ Jm 1 4 V"il! ^jja Lc,jj ^_^ioJU ^1 - ^4ijua 

^ ^ 'T^ ^ ^ * ■■ * ^ ‘ L^ 4 dill i'^l 1 ^' ■*■ • ^I ;v Cj^ 4 L.0 lZjLuiJ ^ jJ 1 

.Plasticity ^joUL - 

^JL3tj_u*iJ 4 .x£.Jl^I Lyt-^l f^jja ^ Vj 

LftlS^ LyLiJl fjja JUJUlII lIJLIA Jj tj^LuJl 

<Sj-^ 

LjM— iJl ^jj i^I i^jJj tfrl UjlJI t>Aj ^ tiJllA tj? VI 

lj| Luj ^ ^ ^ '^^1 4 j l^fl 4_^l j^\ (jl t ^I 5 "It 


: LV-iJI tj>® Cy^ o.^^ islets cell 

















^2LiuJI xj^j^S xtU 1 


(o (j-® */*^*- l)-^) ^ 

*^j^^Kjlt!l Jl>^j ljiL>- ^jJa ’/T o (Jj.flj^ l^l -Y 

.(l/uLiJLujjLa^^ ij^jJb [j-<a/* ^ *_ LMi- -V 

.pancreatic polypeptide > PP L^U. _i 

^ \ \ ^~~ 4.a£.ju>JI Li^L^I ,JjL_>tj .. L*> sA ^'VI juj-i Lli^LI 

j!j3j ^yi beta islets cells \i^ byU- 

d ^ ^ ^li ^J^J>>I ya ^~‘ t 1 ^1 ^J • .atLi (~ I i" 1 5t 

Ijji^-i-u '“-j j ^ «1 . > ..Vl ~ ^_ 111 4^_ul La j **> 1 ijj Aj ^'t d j jL ( I 

(ji tj" ;*•>! i iLj-jL-l^L \ ^ "i- .1 1 Bemat Soria 

( ,1 ^ t** CjI^ j t~n d >1 y ' . ..I i Sj A ^ « \" J 1 LyL> 

"i lu d I•>- . 4 t a ^jVl LiL_idl ^jJI (_y^ jj-SjiiJI 

L^L^Jl 4^UL$^ ^ 'i ‘j 1" j« fjiJ^i-uJ^l 

1 ^ j , -a jj—^ ju ’t Vl jlJ—aj iLJL^. (J>5L 

t^^pxdieJLa (yJ^.4.ijjVI l.^.t.4 i4^L!jJ1_^ ((JLc. 

•^jJl {^J^LLiLja ^.' 

3'^^y 0.5^^ 11 jL>> Lu^.^ l^fJLc 1»H y^jj 

Lja i-L >A iLilljJ ' ^ ‘L* (yJy^VI ll-»...j**. -fl j£LuJI 

yoK, lov) ^ 

c-f-'fco -^U 4Ji_tri HI U d ^iT.■ t ^11 d j i-LU ^1 fri dll !l uiJjjl Lla 

(Ja i"i L^L^dl ^dLoJjJ 1 ^\% ) 4_d£^_l:ij L^JlLoLa-e 

LqLo-I i^JlII JjJ^jllJI l^jp ' “ ^ ‘t^ . .>^~ L.ij Jff 1^ !■!■»>■ 

.1“*^ 4ai^l dJuy 


it xiAii suc ce« (10^ uH' 

iMice Embryonic Stem Cells jiiiS'SujuL^ b^litfi-^ 

ya CjjL^t \}j^ 't"U <*H~) ((3^ L>^ 1-dj^yt.d L«^ ^Lr^J 

-q ya I jL>. ^^£LJL1 jjJaJI _ 4-j 1>.I jJI L^L^dl d ^ lU* 

‘ “•^* JJl^oj CxjjlLuJLI - (jl iii~t fj.ujaL^JI 

<L3UJ1 ya d ^1 ^1^^1 ^dLo^l dj-iaJI l^j-d \ c^ 
















j -JLiV Ll^L-^ ^JyJt ^ t ^ Vjlll (jj ■ - ^1_ 9 JI aJJt 

4 j rt Tj ... tVl jj ^*1 L" • i Lt^'L^ j 4 j.Islets Cecils 
oJj La 1 juftj CjLjjjaj_^l L^LiJl 

L^VL>JI ^jLJb ‘_^Lt ^ ^ ~ ^gJI C Lj .iln 

i J^Lsu ^ X 3^ ‘ ^ LujJ ijj^ (J^ ^jLj il^^ 4 j ij i11 

4 \K 1^1 A (jJ-c ^ ^* "" ->■. L^ljj (J-lju ^ Lij'i/^L-uu ^ I " m 

. L^ Jluu^I 4^LiJLi 

4 jl Lll cdJj 5jLij_<-u^ "r ili 4_5 j^j l^j_«-o iZj^j^ La IjlAj 
4uij 4 .^Jljw L^i^ crl^ jj) ijrtcLojj^UI 4 4j r Jl:^! 

klJ^Lo-i L^L^hJI jL-lULLi ^4 «U~ I*'ij ?r I L^ljj LbjJj^ ^ 

^L^jl ^j.>a Luajf 1 j ^^ L^^ . Lbj.^^ (jJ*^ ... iM t d '^'‘.. A L^t-L 

(j\ 1 ti,j U tl LLA J-^i) tiTj J jLlAI LajI 7i d Lt^jj-J (J^ 1 4 AJ, -wl 

4j5jJ 1 jl jj;3:i^LiJi ^<u3^J j i(Neomycin 

jJ^-auVl (jy^ JLA 4 J UA>Li-djt^ iGalactosidase reporter gene 
\ 4^ id (J£^ *x-1^^1 ^ t«LuLAj (jj\J^- 4 auVl 0 ^^ Insulin gene promoter Jo^ 

JjjuCJi iju^ ^_^JlI 1 L^Jk^1_^ . tLn>5 4 ^ ... iVl Ji MiU tjL4» ^j-^l t“‘ ^LaLc. 

4 *114*1 *,ii,lVl -J i *-* ^ 1 4g if ^gaj (jjJLA j-A 

^jylj) III>Vt JjLiUla ^ji ^it 4 )3^iA*!! 1 jl iljjtiLI LyL^I 

miTI^ ^ 4^^J3 p . tj\t L^t vZlfCs JL^ (^/l1^a.4ijV1 

1 ^ 1 1 !jL_ij >-L5 4 \^\ V ** ^ '4 aLj_c,jL.9Jt 4_jl9>Jl * ■ ^ 

i4j i i^ "(U ^ o' Ct^J' Cy^ (J-«-C- JLfi Laj i^J^ al l 

ajjxis (ji ^^h"i ijojLili Lai ^uVj La^if ^ 

<^j. 4 J ^**1^*^ ij J * i jLuall 4 j ^JlII Cl iTi mil ^L^j SL ^ 

4j jJi3 LL ^jjlj IjL^La 1^ * j L^L^I 

^LaL^. ^jt£^ La 4jJJu n^Jj-ijuVi (Ja ina 4 mrt i ia"ill 

^^1 4~^ll 4 Ii 1 (^11 d . ^_■ t TI 4 ^! -^11 iVI 0"^-^ L^bo' 

La-^ _ iL-flL^L^l 53"^"^' 0>1^^ Lai »tlrdjiii i^i )y^ 

I^JL^I (^JJj JUU ...W l L7^ c3^-^ ~ 4 ^L.ii]| jjU .11 

4 U.a-4 ~ ‘ <" £jk tj ... t ^JLt.11 L^L^nJI gjLA 


‘ J> J- 

















-e 

"i I n < 




clJ^LcJJ iZxjLaelLul L^jl L>^ V i a (^gj)*! i n4 4 j 4"r^i n 


L^i^iJI ^Jub IjJL^l LiUj Jju *cr^j) >MlVl ijL^ Sj j 1^ olj 4^1 <'»~4i4 

IjJl:^^ i^j^LioJt ^Ijj c^Lua_« jL^ JLsb^ Lft;j.Cj^j 

f^OV—^00^ t*Mi* ^ tl • 

. ^ (j-^ ‘ 

5^1 a*44 Ij^*L^ 4^ ij 4-^1 4 ^Jl^I lJ^^L-^l (J^Tr"! dJLlA 

>.1 a5 ( V • * ^ ^LlII Ron McK^y f^l£^La L^ 

(J^-^ ^ J'J 4 j f.■! 'H11 { *ir> 4^l^jj (_gL^Lja 

^ l3 J < ^L.4ui_ I Ajl • ^ ^^^A ^1 _ ^lII ;jj ■ “ ^ ^ d J 

^t ijj) 1 <\ b^^LJJi ^>-4 cijLt 4 (^j Embryoid Bodies 4-l:wVl 

^ cli^iJlil 4.,jJuJ.>«Jt ^ j ."*1 3 .U.II ^ 3* .^. I \ b^L^Jl 

^ 4 <4^ 1 iljK b^L^iJI ^1 jj? 4 -v ^ i^glSLa Qju i*‘t'?r d i 11 n 

)4j u^ all 4iilj jL^I oi 4 loi^l <3£>^ C>^ ^ ~ 

L7^\ J>^ 4 j I <rfi> tti b^banJl ^Juft ijit ^ 4„„i,.itf>L>> <M < I M III 4 

j-)bbj_jbV J^—^ 4—d.A^S?! b^^l 3d) 4..J ifuJ jl lZjI »-.4i. ..^d 

ojI » "i ..■)J c--4-«_^t Lj>L^I j^ (jfj4lslet -like clusters 

b>U. I (])d^-uuV 1 CJJ^L^ 4 i ■ 11 ^ *J ‘btl |^jJu.u.Aii 

I^JL 3 ->> La-L^^j «d)b^^.jjL^.dC b^L^ b^ajl .L>TI «-tl 

(jl^ *4 a!) «jLjt (^j£bdf «ljLJb 1 tl -« ‘ ^ b^b^3Jl 0 jjb 

,( ) 4-4jQ dJIj Lq (j£J i3b^l (jl di£.LIal^l 


iHuman embryonic Stem Cells bM3Ji -Y 

4 J f .1 1 11 4 jl ->1)) (j-^ jij *4 ■fc-Ldl 1 j (J irt ■>>■ (_^-3JI ^—jLhII 4~i t y Ml 

^jti^ (jbt-ujVi (^1^ i ^ i)^ ) CT^ *4jJlJ *v tiill c-l Jlil ^^bc. jLnl) 

(^“1 III jla iji I i>"i ^4 ^ i-ulj (jdL^bdl (jjo JJ-C. LiJl 4 i^JL^Jt 

b>Lidl 3-" 4.,1 4.%;^^ 4 t 4I 'sll (_y^ Benvenisty N 

4.1 4-**4.4 b^iL^ dt^Ti ItfaH (Jj^**« LajAajwj *(jb^^b! 4.j.LJ^dl 3 i-^tl 

^jjj t^jju (_yiJl .Embryoid bodies 4i:wVl 3_ ^ ^^ L^^ Vb c-sj^ ba 

4^jjj-:^1 4^bjj^1 3 .UU b^L>J) (j^ JuJjlII 

































iNGF 4 j 11.^ til LiLiJl j) 4it ya ir c (J^LjlI ^\ I »iwVl aJJt Cj-juoj-C, ^ 

I n tVl d J ' “J PDX- I • Hj Cf^ Cj-^ J i 

LT* ^ 4_9eJljJLl \" J I L^'L^ ^ 4-1 j0^ 

j^L>. (J*-^ c2iLJa3- L&iajI LiJLlib ^1 3jLu^1 jJL>iJ^ 

LjjjuUl u'-^ Glut-2j Islet- specific glucokinase :Jllo Li^j 

i4j::^^l 4_^j_j-uj ^i^Lui^VI CjI j^l^ ^1 1-4JJ * 1 

ljub Itj ..V rt'4 i4j ^Laj ^ ^ •ti J n"!r <n (‘•i-v!^^ ^^3^ 

■ ■* I L^L^ ^L4lu (_7^l liLIj 

^j-0 4 I I III M tf'i ^1. u alxjt jjl Ijjljwj 4_i^Vl 

‘ ‘^" ^Lwi^VI yji Y-X —\ 4 umI.) L1jJj,i-u.i 1 ^3-jj 

Jli^ j.ja ItskovitZ ^3^ ‘^1 .4.i3»^t 

tiUli (J^ / ^ I^L-iO-Vl clilj 4'y~iII L^LiJl j.jji^"'_g (-djo-ajjj 

Ij^L^I CT^^J t4JL>Vl 4^jj Ml j^Ltifa^vVl djulu f,^ i^ \ (_j iilj 

yji L^j Laj ij I *->1,1 *-^^3 jLaJlj ^LuuVI 4^jI,i^U 4u-<i.Iu>»JI 

,(jialj-^Vlj JiiJl ^IjJ Cy^ IjJ^ JiUj Ij^L>. 


03^ 


. ‘t 




ml *1 a, \ n 11 l^jLj«l^I (J-AJLJ Cj^L:w 

^1 4jSu^V| 5 J‘>"iU CjIjV^I tjj i ujjLo . (jj) Ml i 11^ 4.xa\^^ 

^ ^1 .flj ^L-uJ^^ 4jiji:^|i 4aC,i i'^Tl 

Lj^L.3i. ^IjjVI dijL^ ^jj ^ tjO■>■ 1—iJI ^jl jl-j> 

Li^L.^1 ^1 - . Cjlu ISV ^1 J* Li^l^ (J-4-^ llIjLuij 

(_^| 4,^^" 4U aj 4JjqI£. I UJ^ U* ^.*^J (PP 3 llJjJ LdJi) iJjS^Vl 

.4^j.4uiJ^ 3j^^1 Ijl^ (.Julioj pjn'fliri t(j^M 1 ^ 1^1^11 4-1-i:^ 


I Islet cells jt>^ b^U*. X 

:^V1 ^^^IL>.Ll! 1 ^ tj ^j.*jlj^^.uJi Ij^L^ (jIjj t^a <^LLa 

: Islet cells Adult beta 4iJLJt UUj jj^ 

^j_4 1-4^ \-A-i J ‘"'*■ I' Islet cells ^j^Ij^^£LLl!1 t~it . n . .J 

tjA^L>.LjJl (j-a J ^ Jjlj j-^\ tU 4-_a.j^^_b^ LjiJj_^ I— 

^1 VI t4_ulj 3j^ ... ^ iVI d , m ^<L!La Li^«L>- ^1 l- 3 ^j-4^ . 4-Ioj)->-uo 


‘ J> J- 











jSouJI ^jc^3 j** ^7** 6h;Liidl 


\ j 4 _jl^L^ ■> itl Fred Levine 

LiUjj t4j_^ i~u jll ^ '* dl islet LM—^ 1 ^‘X^ ^ T * * ^ 

_>J1 tfjul . ■■ ^ >1 iLj^L.>J) uLUj |AjJ.j.j>^ 4 -Li_ft^ CjLLj.^ 

djuk lIj^ ^j' Li^L>- ^ ^^ ^ Lqj ^.LH 

4.2j_^j ( L^-La Ij^L>. j ■"■ 1 i i ■ ITi. u ij 

L^a-aLj^ I^jl^I V ^ d ^ *" L^l 

Jt^ ^ '^■tI PDX -1 j ‘ ^ T.* i 4 _^lj 

(^jLdJi (LaLj f^jji ^j-d^ .x.tVi ^ ‘ (JjJ-uJLI 3-4^ 

SJjLftJLI t~ u IjjL^I i-LLljLjj .j^Vl * ■'' ' s *.* iJ* '"J cjLl.j^I 

i 13-c.lU'i iul La l^Xa IjjA^ij J i~iLU La^" Ii" I..Ij <u iVl 

dJub -fc- LaJuuj 4 .n^i L^L^ ^1 jj' ^ "d 4ijL^ L^l 

)jg3~ > u 11 <) >"( I iTij L^L^I ^1 IjjL^j i 4 -c.mi JL t a jU ^ L>UJI 

Lj^LiJl alkJt ^jl jL^ ^ ^ ^ (j\l^^LMjSi\ LAjl^-flL <-dJ!i3 ijkjJI 

4 J • J li^ II LIM-^l (J^ a ^ J X CjLa-o-^ ^ 

^ 4^ aT> 3 A..Zi LM— a'\.a 4 ^ g ^3^ Va-^ 

jljJaj f^j£. L-a 33 Jj L^LiJl jjLo^ 0 ^ i^Lo^J L' ^ 

S ^ ^ Tj... iVl <U^ISL!1 V ^ ^ ^ J * (,7^^ lLUj LoS ' lT "‘ '^' 

.<1£LLI,I ^jla (J-^ t^LuVI 


: Pancreatic ducts cells i^^L^SLldf Ljl3JL^I LM» . <-j 
cj\^la}\ fj^LLj (^3 Islet progenitor cells ^3^! j>>Ji lt^ 

*^3^3 juiVi ij~^ 4 J 33 j.*J,I 3 1^13:^13 Ll^ L^LiJ ^3£JLI (j^3 t<U-<-oL^^/ til 

juLLj 14^333 Susan Bonner-Weir 3J5i>j3J L'jj-^ o-aLS 

L^.uj>>3 ■ j- ‘11 ^ '*‘3 ~ .'^‘ ‘"' (^L ^LwijV 4 .x^Lj^£Li-J 1 cjl3ldJI L^L> 

^Loj^aJI jjuiJ! L^'l^ o.L^.13 L^L^I ajjt C 4 jLu-i_uI 1333!^ 

Ductal &4 _imIj3SLLiJI (ZJI3I2JI L^L^ 1j^3 ^ ‘ * ^1-^3-LV ^jVI 

^jl ti'ii Ti I III! i. ^_yJI V tCndocrine cells 

1 ^ "w (.0^3^ cjI 1 4^1 J353iid3 L^uA^jtj jLi^. ( 2 ^'- 13 j-ujV 1 oj^-Sl L^t-Sdl 
4 a^jLAieJlll ^^uL^^Lldl 33^ LM^ ‘Pj ^ 3~^J * 33^3^^^ 3^3^ 

















IftkoliU I 


SLldJI ^^ V "‘ ^ jL^j . cLj-uljj^lljJt Li^'L^ 

Lii^lj ilslct jjI 4 Vi 5^i <i~tl <Lj 

^ 1 lii (ZjIj. 1^1 ^4'yT» 4^yJ\ 4 iiVt 

4 j flij i*uVi U t "iI Jj) •> Ti ^ ( 1 ^ i II fl'i 3 Ll^I 

Ijl^ ^ Lj^'L^I 

4jLjaL^ Ammon Peck c*lj) (jj^t JiLa 

t^l—Jl jL^I f^jji i J-^J ■'■>1 f^jA ^ j itl I j.£. "i I 111 

4_ftjjl ^j^uj ^ ‘ -'* Ij^4_^1 Lillj IjjLi^j 

LbjjLj^J Lo-^icT^J ■ ■■ »^^ t ^ \~^t . ^j.^Ij _ L^ji-A L^L^I ^ja 

t~i ia'w cH 5j|j~t^-Ui iTii 4 i 

JoeljJjL^ .^_^lj^Vl t~i^~)'^l I nil . %\ jLd 

Li^iL^ 4 ^^jl^J 1 ^ ^ ‘ *^‘'» Ij^^ uJLli^ tH 8 .bcncr 

cjljiiJI UM-i. (j^ ^j_Sj Adult Pancreatic Islets ^LJl ^^L^iLiJI 

C-u-u^ . ^ J ^ ^ 4 *" fi-XA (jSLl .4 j-i^<l^jS[jiiJI 

0.5^ Jxl>«II ^^1^ fjA o^j t4j^lj^£LlJI J!lo 

^Aja_j^Vl J>-^ L^L-^ 1.-4J 1—^jl i4 J f *iIj>Ci ill CjIjoAJI LM—^ 

** J ; ^ VJ La L^L^dl t.iili (j1 oLj^Lall Ci-iL^j )4 jI^j^1^ 

t^LziJl 5^11 J>.1jJLl ^ ,^!_ Developing neural cells 4 j aL 

jj^ Irk "ill <jl^l ja 4 j 4 (jl ^jlrk“i m) (^jJI ^_ji ji'^ll 

li^LUl 4 LMitiJ 53^1 Nestin marker I ix^lj l^jjOJI 

(j^L^^Ll^l 5 .a L^Lm 4a^L^ t~ilj.^ ■*.a L^l ^iXi 

L^L^ ^^1 - 4.^_aLI]I 4.-1_Ljl^_)l]I L^L^dl . Cxl^^O nj^J^i u iVl L7^^ ^Lj-A 
^^Laj l^jt yA LamAj a Laj 4irf^i^V“ill 1 ill 

^1 t a 1 1^11 j.A>ii,l 1 • ‘" ^Jl^ L^LLj 4 j I f L^L^ ^1 1 i^jt 

5 A L^LL (^I ^LajJI (ji^ 5jjL^ L^LiJl fflxjb (jljt(j^LiJl t“i iTi 1 nil 


cAuslj ^ «*7>ll ^ .* 4^C,j| *4. L Aj 

cijI j-i-^l L^L^>> tL-L 3 _A t“tji " -wl L^lSJ^ 1 j-a 1 —^ 1 — 

L^Ia t-«^".<lj j ‘~^V 1 ^zZaZ-lm\^ Pancreatic ductal cells 4 j inlj^<i i!l 


















jSiUiJI J09 6>*f 


^Lj_3tj I u iVl ^ T \ Ai \ jii~ L^~ jtl • 'ot 4 t>fc") (^ySU 

1 . _ I^^LLs d 1^ A.fl ^1 jl^ 

a djj j_^t ii - typC-1 i III! 


f^jja Li^L^l dJL^ V _ 'j-^~ ■" * ^1 

^ ^4 4 ji 1» L^L^I aJJb 03 ^ (1)^ 4 j lid t 4j i iti lIjI^-l^I 


L^L^JI dJi^ i i d" ■ Iij 4 11 J lA^Llll 4 1^ in A V ‘^•■J i4^1j 4^1 ^LftJ 

4-i-aiij La jlj^j lyS 

L^'i ^1 ajjt I oji, Ij 4 LII ~i IIIj ^ pLdJjtjl (■■ i'>jj 

il^ljj L^LiJI dJUb (^ 4 -^ ‘"^yP^ " I I uM j_^_ii 3 j-a 

i“iVj... X I L^L^I (^L^o ^1 iL^ ^ g Mij V 

JajlIb i^^LUl jL^^L LiLsJl ^>0 i Encapsulation 

- jLij^i ji^ L^L^ 034-^ c>^ i■ t 


Fetal pancreatic Islet cells Suou^fi ^Li>£lJt jJjk bM>. -1 

Cr^! cr*—J>JL>J 1 L-ftjbj i Jij Vj uliJwLJl V 

4_^j.i.^tl 4 j^'iVi tj^ *1 ^1—JL^I ;,iiJjL! i4i^ g U jjl—uaJLI 

progenitor ljju-a-4» fetal tissue 

illUj Jliu islet cells 


.^b.^j-1-ul ^ ^ - V ^ Fetus 4jvjLt ,jjjljj£Lij d^j^'il 

djjl 4 "ill Purified islet tissue sLliil -U 2 .^\ ] _Y 

. LT^l J-<^L 

.Cultured islet tissue 4 ’iiniiill ^[jj^jlJ\ 4*^ Mi ll _V 

i 4 ^_£:Jl 9 >J 1 byL^t dtjl 4 •>■ m'lVI^ Lj^L^JI dJUb 
(jf IjJl_:wj , i ^ “i r Ijj JULJ 4 j^t_i]! jjL-i^il JSJ j_^jJj_-iJijVl tjij 

t^^Li lII ^^hi> ^ 1 i>-» H III <^1 

diU *.itt (^1^1 j ^^11 ijJJjL^j 

ij-joVl (J^ _ jL^l dJL>. A JS i 4 M 'K _ i2;lJj_i_ajVl 

JljLji (>£Jj . JjVl ja_i -all Vij _ CjSijJI jJL)—* >J (ft^lSLl 

















I ^J lmJ Ij j ^ ‘ ^ J -<_ 7 ->^-^^ jjLjuaJll i?lj “ i n4J i.ln a ~l "fcj 

(j\lj t u iVi t .1 a ^jl IjJl^j ijL^I ((iiJLjil j, \ i^ll^ 4." I Ti i uX 1 

L^UJIot 

r.i^u rt’il jLfl Cultured islets ■" ...it j 3 _^l ^ Precursor cells iJjVl 
(_dLjL^ Lr^i ^ i.. 1^/1 L.7^1 5 . ^ 1 ^ t I Cjj-tL4.JJ 

jjLi^JLl I^JJA ^2jLj^ ^ '“^~J CjLjj-4^^1 

5^1 4i a b>L^l aiub q] >-jb iPurified islet tissue dLS-dl jj-^\ Lj>L>> 

^ U •"j n ■"" V (jLiJI ^ i.u.'v (jl ij^ (JjL^lj 

L!vU 

L^L^ 4 ,ja^V V * I nU f^l L^C^I ^ 1^1 LLl^j^jlILu^I Jl^ 0 . 5 ^ 

\ ^ j\c 5j^ rt tU jLjSLJI (JLaVlj *(^j^Li-uJl frl jJl 


.^Ixit I M -0 (.7^ J Jaj.ll I 
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JjJu>iJ3 ^ «L$^ mi ill 

Ijlj tL^Jj-il Ijl^j ^LLiJI 4iDjL>. \ ^ 

^Ju:. ftLu j^_:k_ 5^ ..ii ■ n '^11 (_y9 JS tjl 1 > .>> lj 

Lj^ J^ t^Ui^KJI a\^ AIjmla 

(j.5^ (1)^ LaI>>J JbV 

u! Jti5^ Ca^j JlLo (J^ 

^ ‘ 

_uaj a>y - ^ j j| _... S'lVt 5jJ_fljl 

^j^_ 3 Cyc. 'liLi Ijb.Regeneration 

(ju-u^i ^ joii 

^tn 1 ...t t l d iM 1 ^ d 

tb^L^l CjL^-Jt-d ^_yi£. 

Ld^ ij|j_Ja->Jlj ^JL^JV1 ^ IVIII '^11 L^Li^ d ^ L^ 
(_ylJl jjl^"iTl 3j_^.tu ^ a "ij V L* JLJ>. ^^1 tjl—^ 4jl 

jL^.^1 ji j.U\<l t (jiJaV ^ j *“*i" 

(J^J t^l^jVlj jJlSLjiVl ^jjQ JJjLljl ^ 


J A 1 ^ !l i_ I ^ L.4^ 1 fl ^ ' J " 

^■ U~ .■■". IlijJaJs .4jljLj>> 

a \. 1 ^ .All i/l~i _jJjt-l bLcifa^U 
Ldj^Ja ^ti4 ««i ? * > 

ofJL^ 


A»s^ 


J> J- 


















^LiJ 1 ju^ ^ ^ tliKiv SjJjQjd clijaljLaj i4 ir- trt\^ rr .a 4-d^Ioj 

UjLX. Ijjj .dJJuCLaj ^ ^ 0 |jJl 3 ililj ^ ^ ^ CjL^-i^JJ 

Lij JjL^ Ium^ /iA j j_<»4j L^Vl! aliJI (_yxLxJi 4.^^^ 

4l~«^ Tl ^1. SjjJljiJI ^ j^ j-^L l-^l^j - -i 4 

^11 (j\J Cu^ 

u! ^ 4 nh^U L^I^Lj 4 ^in^ttl L^'L^I (j! I j-^ >4jnf'^l 4 jr , V^^tl 


- ^ t 


(_yia ^L*JI Jjoljj-Jl i dt4^Lj (j^ (Jl 5^ - J^ ' 

L^L^I djub ^_,it 4 ij ^ i4.^jl^I L^L^I 

1^1. 7r,... A l^ljj LajaIj^ ^tj^l i jji^4lU cjU^ ^ J^ 

Ij^Li- ^J ^L4 j3 - Jjj ^ jl i-dij Ijjjt l^j - LAj_4b 1 1 jijw 

kliljj ljuft iS^3 5 L^L^I ^jA ^1 jl i4 1^ i.^V~i4 4 jI 

Ij^L _^1 J3 ^ ^ ^ ^* c.7^ .Ul \ a 1 ... All (jl^j 

. i'll Cj\ j n« iiii*Tl l Uf t Ax^uA (^JiljJI 4 jiji'^TI Ll^iiiJl j| 4jiji'^i 4 y 
V 4jj ,(,fltli LMiJI jl 4ajwj ^ . 4jaAia*J1 j^,jL.<a i.^V-lU 

LM—^ L4I4 "i.) jl m'lVI ^ jl U!^^ *-^^3 ^4,111 il.U 

Neural stem cell L>U. ^ ^4^1 US) Neurons 

jl .olj^^jk^£. CjjjUj djV^I jUJLklt j^ 

jjj .S^^SLAI w** Ij^U» (4jjjl^JI 4 ^£.iJ^JI L^L^I 't-»SA 

jVI oL 'p‘“^~ V -"‘II - 1^ tj44jiin t!i Ij^UJI jj 
jl 4'ill ^jlSi Lo 1 j-Aj . L4 jl^ jI ?r J-^3 Ua^U 

^-0 jU-SULa 4 jI •> «njl ^ ^'W j ^ ^'\0 Ur^Lc tf}>L4jj J. £ Altman 
jL^^ 4Uu^VI <4JiS]1 Hippocampus _ SjV^t l-^ jL^ 

SjjL^I L^ 1:^^!-^ jljj^~i ^“1 Olfactory bulb - f4-UJ) t ii^c 4ij_uuj tt Ji 

S ^ ^ a cUjjla£. Ij^ 1S> ^uuaj ^_^Sj ^[ I ndtVI 

. 4j^^jJt 4 j_C^VIj 4.^ijLll j-^ j<~^U^U jl ill 4^ jUliil 

^ jl 5jj, V ill cjLjIS^VI j£. ^*'.ug ^Jl jlLo . ij^* lt^J 

4_i_u^jlI 1 Li^UJI j^ ^I^Vl ajjudJI L^jlJ jl . 

jl SjjL) LN-iJlj * Astrocytes Jl Lj^L^lj iNeurons j * *'^*11 l_t^l.^^JI 
Lij^a VI [^'ic U JL3.! cUiL (flJ Aliis Oligodendrocytes gjlj^Jl kj^jx. 

































^AjoaJI ^11.^1 


d j>11 ^Li.u_djl vl i" Vl (jL^j ‘Aj jCiljJu-uJI Ijl^ 

1 V i^j ^ L^! ‘ 'j '" '* 

4 _i f I \ -^11 4 ji'>Jl ^ ^^C ^LlII IjJL^Ij I a, \ «i VI iLiUj j-^ 

_( 1 V\-UA) ^L»U|j ^ .iijiji 

^^\ tGlia 4-^jJl b^UJl Astrocytes 4 LlvUJI 

L 7 A 5 ciijUuj iCjU^jo^aJI b^t^J bIjLaL£.J^ ^1 

Juljl^l d 1 J 1 A |_j^t_^1 ^ Lj^I_^ ^j_4 /A * . Y * 

m 

bMitU 41^1 jj^Lj >Ul-k'i (_^I 4jiAjJI ^-uu^ Oligodendfocytes 

d^ ■ .^^Tl ^b-u^l d^l 1 JL^J ‘d J . .v^*ll 

'^~‘^\3 ‘•tl b^l^ bkj^^ iDopamine 3jLa d^t ^ jCti dj •!! 

jl (_K*^ L7^ 4^tC-iX'^l b^-^l ^1 ^Vl IVn~<ajj 

4 j f j 'sll b^L^I Ij^ ^^3 ^! «'L!a£.| d'jJLUl L^J tFctSl ^ 

Ujjju i precursor cells 4_JjVl b>L^I t>a Sjjjlc. ^1^1 ^Ua£,\ jt il, 4 ..,u A> 

,(U JSAJI) ^Jj 4d.u^,«ll b>UJl ^ 4!i>liJI ^ 



dj^if byL^ 4_i^Q->u b^t-^ 


CjU 




d I ^ ^ 


oJljJlC. L^La Jl::^^ 


djLlLtJt d 1 <Lt£ mUkII dLu^^l ( ^ 0 l3^ ^‘‘‘"^^ 
















‘(3^ ' i^JLJte-i 

Fct^l ^isL^I 1^ \Tr IJ <.iljjL^j i4JLILjJ1 lZjL^^lTJJ ^ 1 *tt 

Ij^A_^1 ^IjjI ^yi «Lta£.j 3jj^1 L^] 4 j_c.jlj^ L7^ <S3^‘-^ tBjVjJl 

^ (OligodendrocyteSiAstrocytes & Neurons) JjMiJI 5 ^,!l 

1,j£j t<U_C.J l>J1 4_l 1.^I (Jj-fSj (_j3]1 C7-^ 4 .j_u^jl] 1 jl-^tt 

.^JLl i It I lIJIj-ji^j 4_t^jL^t 4 jl»h1lj 4l^j -sull jLjuVI cLu^4j 4*i j itl 

^ 4jtJL^l 4 j^..> '^1! 4^L>JI 4-^jj^ frl 4^*11 JdTJ^ 

^ 1 ^ ^ * IjuJl^o L^oAoIaj I Jl£j ^1^1 a my- 

4 ^. ..ij ti i^ljj ^1 'TT ~ I III ^ 4 4J • LiUjtJ t L^l^ J * 

Ji^lj Neural stem cells markers 5 ^ ^ti a y\\ L^LidL 

4 l_iiJlJ| A A . ,^t <.ijjj (J^j -4 ... a\ ^^l£L!l L-< ^ ^ 

La yAj «4 oH-3j JuV AM Iju^ 4ilji jji I Ml ^-o 4ij^l ^yi 


) i»LaJ1 11 1 4 _ 2 £^j S. J. t Morrison Ja-aJL 4 j 

4^Ju:>J1 b^LiJl l4i,4 ttc3tJj (_jju-flLjiJI b^Li. jL^i-l 

iiiJJjj ^ ^^ J ^ ‘ ^ .flj L^Jl;v^3 ‘j y **-^ ^ 

j^L-aVl JJaj I ... 4 j Flow Cytometry bM-iJi J^ju ji^ ^ 4,„ L,..,l^ 

> ^ ^ 3I 

Tl 3j^^jJL1 4j 1 i^ali 4 ^Jl:^I bM-^l JuJLiJI lIILu^j 

:J^\ 

Subventricular Zone \ 

: L^_Loj 4^£. j^ b^L^ 4rbJujJLl bM-^l (j^ JUJlaJI ^ 

:Ependymal cells JUjU^Vi bM^- 

a tj Nestin <»'> 4 j ^ L^L^t ^Jc,l a"!! b^Lj3« 
EpendymalJI bM-i^j 4 j w-^-i tii 4 ^j^l bM-^1 

n —)| Juki djl j jJSLuJi diyiyA b^L^ ijr^3 4^JL1 4< 0 Ja-oj (ji^-uL>JI (jjn n 

‘4 ^ yy. b^L>. L^1 ^Jrfjb_ut Ci« tlrf^ ^-11 tyu J-qJLJJ 

I j ^.L 4 - ". ... \ ) ^^^ 4 3 ^ C. B. iJohansson jj ...Waj y VI 

^jLA ^t 1 ^" i^iij .^u lit jL^l f^y3 yL^^seU 4 fULdi Ependymal b^L^ 

^ 4^Jl;^ b^LiN JjLflJb L^l j b^LiJl 




























jL 9^I gUifljg'^iir 


:Astrocytes cells bMi- - 
La jt Subventricular zone L^aji L!^ 

■~-J (J 4 *j ivJllL^ jLiJI ^Litwal Lt .!' 

J1 L^L-^i ^LL^i i_7-L^ 3jj-^1 L^ Lj^L-^1 aJJt i~i i“ 

4jjj_jjua^ Ij 5L>. JjjtiJl L^LiJi aliJt 5jJl 2 oILp j m ^ 11 • 4 i nii ) 

(j^ i-dl jjT JljL(_o jjfc La 11^ f. JUJU^i IjlA ^jl VI . 4 J rt O 

Jjt^L 5 ^ S^l 4 ~a ■ L^A Astrocytes L^L^I 

i-jjL^ -5 -^"11 4_jj_j^a_iJ| ,^j_>.l (^J Jj '*' "“i V 

^ LM-L IjjlLI <~t'>ij ^<A s-v. (~<“jrti 

Neurospheres a <^L>^ - j-h^^ - Lk^iLrtJi-L^I 

3j.jilij LV^ ^Luj^i j.jl3bja :(JLLa 5 a ^.1 ,..S_>I lIj Ij a'» 4 dUjj 

<J^^\ jl^l L^LL >i=t^ (EGF) Epidermal Growth Factor jlL^I 

atl cjL^I oo-LI ^ .Fibroblast growth factor - 2 (FGF-2) 

(Jib ^ (^^^JLiJl CjjlH-olII 5jl^ ^ i >1 i3^J 

JjI 4Vi (jI (j^j (2>4 kljL^£LIl alsJt (j^ ^>^3 Ug' 1 4 <,ij„niVI *'j ^ 

L^L^I (J!La L^lj 4 _j.j.juajlJ I L^L^I IjiL^L^ (_^i |^l 

(ju 1 A-uj-uo-sJ 1 cjL^SLlt IjjlLI .4__i_djjJt L^L^Ij ^ ^j_j_wa_jJl 

** J J- ^ ■ ■■" (_A**" (3'i^V 4_} ,t-s ...^ jljLI ^ I LkL^L^ 

4j L_j=u1j .Serum free medium J-i-ail (j_4 Jl_I jl* . LM_iJl 

(j^ 5Jjl 4** 4 Crl^ lj)li^ “V ^l J<| a )l j] JAi a ^ 

IjJL^Gj ^ 4j4 ijJlj <UjJ_ijuaAjl ^ 1 d J 

p ^ (jl (jJ^ 3ji.V rtli t l! _ dJiJL^I 4 L^L^ (jl 

4.^L£. ^ *11 jl ^ ->.11 L^L^ (jA La^ j ^ 


(WVj W1) 


L> 




j-a-i-ll 4ai4->J 4a^l_^l CjLIj_>JI ^ J ''''' U^ L-^ 1 t_LJCj_g 

L^LiJl _ 4jn^tU CjL^^^LJI L^Li. (^^ _ jjln~illj 

.^Jll jj) Inj 4^11 4-Ci «.Lj1 L_Aj^Ju j - .^jJl d • 1. ^ 11 

Lj^L^Ij Neural stem cells d ^ ^ .n d ^t ! i_j_LiJl ^ :>j U^ 

jl (^j) 4Ti 11 (_yjljjJl j-aLjj—Jl (_y^ j>L£J “i ."m [JijJ jl (jl n d “m ^jJJ 4_jj^l 


J> J- 


































CT.R.tSJornsoii tjj ^^-^1 l )'^3 ^ ljub j ...a« ^ ^ ...a\ 

t*‘tj'w )((|»^ Jjjpo)) i"i!t AjuIjJI A-JLstJI fiGiijj j_yjLse_Jl <iu^j 

^1 gTt i4^mi J jLla Juu 4 j i i*-^tll L^LSJl ^1 J^j 

^.jsm b>uji 

:Hippocampu$ 

4 g 1^1 4^1 ^13 ^_yS 4_AjL2il 3j^l jJl <1 SUlfl £r* 4 rt U ja 

4j^Jijv Ij^L^ 03^ 2 -»■ A L^ 4j a 1 

I ii^j! ^ J ajLj4J <“■ '\ ' --j .4 _j_j_i^£ 

ajLIi J^Ij Jili_ Ij L-AjjJ 4 i cAJb Bromodeoxyuridine (BrdU) ti>jJLj>j 

tAjjljjJl 

L^'l^ (_yJJ ^Lalij 4 Sl^m i^Llj (_^ Labeled */ ^ * - ( 

.Neurons 

. Glial cells */* ^ ^ 

1 jjy 3 «-a JSLii I 4 I ^^ 1 yx 0 . ^ 

I^^l' 4 viJju.iiij 4j ii^l^ j! uiJLlj> ^1 

«Ljo ^ AU«tl ^LajVl ^4 '» 4 j^^jJ1 4j^jVI ^4 'yVi L^l LT^J 

^J^ 1 JlA ^ ^1 4~*'tJ ^ mdi'i |»jJ) Lr 6 -^ 

...S'lVl 3 jJL^I ^ flj 11 A la L^L^ LilLiJk 

i^JLsu Ij^ ^1 Ir*. IjI I • 1 . 4_j_j..l^_iJ 1 L)^L^dl 

^1 do^ 1 ^ hjLlii iVI ‘ IJtlI JoLJaiJ^ 

'w <L^i£. 1 •" “1 Ij^ ^11 ^JLA ^JLJ^ dJLl^ 

.Slj->ll Ji^ cr^ Lr^ 

4 .. .^■!l 4a£.JL>Jl 4 jl-LU 0.5^ t L>^ 

fj\ ^ J j 1 ^ a " 1 H t^a Ijj 4ji _ 4 ^ _ j^ljJl 

4^ . • !t lj^*l^d 1 ^^jji CjU^-^L^ iS.^^ (j>^ 1 4 M '>*■ (jL4.i4jVt 

^2^4 4^)Lj^^JlIj^^jJ 1 <* i_^ 4> 4*** ^ A^ ^W t^4 1 *> ^ ‘^- ^ L^iJsSpA-l 

I- 4 I (J-<b L^l '' ^ ^ t—aj^^a ^.aU^ L 4 J I tCj^L^ajJI L^L^I 

I 'y J ■» 1 JlA tjL-^ ijj ^Cj^Luo^Ij L^Lj-Jl aG <L4 jIj CjI i i ■y 

oljLjia ji (^/\jiLa ^LLij ^jl t 1 “Tj (_^ljjJl ^^SlLLaJl 























ll! ^jjjkJLI oLLl^I ^jl^ jj ^412^ LjjJl jl 22J Ijuk ^1 ^ 4.2j2.>JIj 

tSy^ 0* i>® c^bi ‘ 

j£’^ ^ 4_j_l^1^^ ^-II 4 .J-AL 4 1 ij^uu (j1 ^1 )lIjLo->JI 

\ (j-ujLfl T Gorge Johnson 

jl£[j JSLiuj Lee ^jlaj ‘ 03 ^^ ^j■ ■■ *» ^1 

“ > 

^yiA\ Juu pt*~tlj ^ i L^Li^ lLU^ JLju t-lljJjj ^ i ' J**'^ U.5^ 

cliijuj ^ d *J .' i(tiljl iu 


i 1x4 V Ml (J^ 3j j4 4 cjUL1^c_»I ^ ol^i 4 "H L^ cjIj^jJI LLu 3^Lui-2 

‘ .4-1 4^t^l_^ ^ _(lu (J^ 

L^Jl^j ^ ^ j ^ ^ CT^l < 1 i\ Milj j I IIIc 1 j 3 G^j 

t 4 ^ 1 A\“ ^ a oi-l_i_^1 Ljtt ^j£[j 4 j1Jl^I L^n ^ Ijl^Laj ■ ^ jg ■_; * 

l-4Jjt44 ^.^laj Ciln-^tl g i.ni ^ L^LmjI 3j: rii!I Jxisljjj .^1 

AjIjl^I JuL 4 4..aijuo 03^ «^l^^)i>4,j.<^<ij 

^ t(jxx:^1 jl ^LiJLaJI ^qlftj ^^j^LLscj V ^LJl^ j 

a :j<n 1 h 4^ jJjij 1,^ J.2jk]) ^2ij^ i3jjJL:^l clj^L-uajJI 

IjLd lLUjJ . ^ j 3„ ^^JjLj V LxjL^_4! ^jja 4 JJI S ^ 

kijlj^j (jl <r-> rtU (jl - i ^ 6^3 Cy*3"~ 1 ii^jJi-fll 

4 I li^h alx^ (jl (^i t^l.l ill JlLo 4-.Au 9 u>^ 

3^^^Lxii **•' “ 4x1^ ciiLub OjqIj L 4 IjlSLa 4 JJL%X4 JJLSfc4 

^1 b^Li- LaiiNeural stem cells i til 4_^jLx^l 4 jl^Ib 

pb**!! •*- ^j^ t I ^ * -fl \jbj—iM CjJj^i CjJXJJ JU-UlJ (_7xJi 

3^^IjlLI IjLitl^ ^..iN! ^ ■■^■1 :^Ll^ <Jt-^ .LiUj Cj1j-^2JIj 
4 L 4 J ojLa 4V SjJLi ^j-4 dj^ljJ! ljjL>. 

^j-« o-Ia _uj L 4 J Ll\ ^ "1 ^ 1 >*V! LjL-^i i^jja ^j^JjUi (j^j^'l_ 4 

4-4 3^9 1^1 *.*'kV '»J (jl ^ ^ ^ (jt JL-^ .4_2jLui Cji^ i jl CjLa^l t 4 

diVi_rJi V| (j_j5b V Iju^j L»jl_>Jl aJub JL^l—dJI 

4^ jL^uVt ** J ^ < jl (j^ .'.* ^ ^ ,jV \ if.J i4xa^^l 

(^1 ^jLjtJI ti»VL_>Jl (^2 b llU jJ jJI j j 1 ^ JSLitj jjJj 

















* d"j a! a ^_^i£. . t\ aI I ^J[,1 

Or. JLj^I 4 jl^il (.dij VI V 1 ^i4-^l U A 4 4 jl < n 4jjJLj 

dJUJu^ ^ * "I ^1 4 ~“ 4 JjL 4^ 4 ^ 1^*" cillJ lj . «^ ♦!! 

(jl Jl^ . I ^ ... ^ < ^ 11 ' 3 j 3 jL->- ^ j"l j ■ '•*- ' ■ ■ .5 1 ^ ^" A 


jjb '^j‘■-^•11 LV-^^ ^ yy * dj JLJCJ j^Vl 

frjfl4.4 ^il^Lj .j ^ >J1 1 djll ^ ^jl ^iuill 

ol -^1 lIUj (Ja^ U~ . ..j Vj ^1 LM '^11 jlII 

^-11 ‘* 11 4j^ j j^tt LV^^I 03^ u^! *4 -^jl^I ^VI 

jj.>.VI 4jl£Lo ^..^*tl jL^'^l «^1-1 j ciiLu_>J _ ^^.oldL^JI ^^^.uaLII VI 

JlIjA 4-^Lu3 jJlLl^ 4 4 -v l.t j t > 431^^1 4 -jl^j i .a\ i^jJI i^JLI 3^3 

jjfcj ^1 "1 i 3j^'4 1 1 JljI aj^JL ^1 ^1 (jl • I ij Vj ^1 j TT-J Vj (jJj^Ia 
^1 (_yja Ojo-^utll 4 j-c.Jlj^I L^pLiJl^ (jjl i.i'^ll j_y}a J3VI 3^ “L ujULl 

il^Jl ^1">iij 4 ial"i^ll 4^ Urf^tll Lj^Jril .^Jix ■^3->3 (.7^ J^Lo^bU ^^3^3^ 

IjV Vll (.T^lj^ll ^U^l J^l-C. LuuLuil L4] (J-u^ (.^1 

4l>.jJLl ^^-ti(ajL.ll jL.3.^1 <^33 ^ ^1 Ij^'L^ '^~ 

4^1 ^^^^3 L7^ ^3-uf I^• j *^^JLSJI Jlm V 3 

■‘-^*11 4j^ Jli^TI ^^.LdLj 3^3 i4i^ JuiiJ^I 

. e_iI3 I ^ ' l^-^lI ^J '>"■»" * 3^^ 4^->'3 


Fetal CNS stem cells2uui^i2uai^(2L^a^ UM^tJi-^ 

y y ^_yji V * 3 ^) '“'' ^ 3 ^*^ 4-L>.i i^jL^i Lj^iiJi (_ 3 k >3 

3j^3j (3^J.>JI dj 4-^jL>di Lj^'L^I (j^3 (^^3 .‘'“* 

4l>-jw4 L^LaJ (.dJj i a 43 -j^ t^JLI 4 ^ iu\\ LaLcj j t4 " m il 

L-i.t 1" ^^*3 y^• 11 4 ju>JI 4 Us I jJ .i-^I 3 -^ L 7 ^^ MU'nJI (^ 30 LnjI 

Ij^-l_^1 jjlaj .(_j_>JI ^j_jI£LI 1 4 '» iu >t J3^jj j_^L4j 

^l^l ^ «.L^x.l 4Xal^Jt S^Jl^II L.^ a ^ *11 

L^il I 4 ^ ‘^ ^ *3 ‘^*113 d-^s_i 111 ^ .5 ^“W ^ , i^ !I ji ^ '^11 

4_4-<a-c: ij] (^1 o* ^ L^* (_yi 5 3 m i '*» ^ 

4__j_C.jL^>JI I ^11 ^^Lu 3 ^Lj_u__^I ajjL-d ■ l^^^^ ^ i_ ^ A 3 ~~I V f^^sLiJ 






























Lii^i iL^^Li-scj A I 4 jiji'^l 4 j 11^ tII 

(_^LUI 4 jl<11 ^ Apoptosis ^1 5:_.« ^ Lj>L^ 4 jUc. 

(jLS^ 1^1 ^LTi-'h I ^JLA 

^Lil 1 4^* ‘ * Laj L^Lq^ t a itj A 4.j_d L tj"C a 4 

. 4ijaLc. 

.jLiJl (_yk. I_ ijLsuJI f;.LcltJI i 4_2jLciJt ^jLllII ^1 jL^ 

jjj"1.n ^^A ■ dj. .^tW 4_i^jLj>Ji ^ji.^*vi lJ^'** Jl IjjIj! i:d 

i^jji ^ ■ i j ^ ^ ^ a ^ . t ^-w .:.. *j Lj^L^ (Jj «^ •*»n LiiJj JUtJ 

^ ^ ^ 'J) ^ ^ ^ 11 ^ ^ d *^ ‘'"' '"' ‘ ^ ^ J? ■ ■ ■ ■ I ^ ^ gf 

^1^1 ^ I ^1 g- 3 jJl^I L^ . d j ■ tl 4 j r. 1 lj^'L->tJI ^Jja I Ir^'v- 

iOligodendrocytes- Astrocytes - Neurons - 4 jM^tll L!>UJI 

'j^^'**J *3 Lr^ 4J^L^m ft! gitll JLd_^ 

Lai '(>dl,","t,d 5 jJL ^^^laLt-a (_y3 qLlma^ 4 j i i^ C 4^Jux L^LL ^1 j h 3 t l 

^L.ujJiVl diLLaJLld jl ^g-A-Ul <-J33_fu L^ift^ 

l^I j. 3 -a. .a d U . ..i ^ J^LaTu (4^^^,a^dJi fiJkJi I^LlJW I aIa 

Ij 4;> Uilli cLl^ *^_^i.id^.t.l 1 4 .x^L^ 

.Astrocytes <Lia^ L!>LL /Vo 
.N eurons cuL^jo-^aJI L>LL /^T _ T 
.Oligodendrocytes juij3Jl 4i^l L>UJl /Y _ Y 
LuajI ^ 'V ^ .^^-^ioJLI^ 4.J^..^i ^ -*■ ^ j f- L^L>> 4_j_dL_iJI d i ...i 11^ 

L^L^I ijja LcIjjI ^ L«" ^t 4 j i_ii-^ll 4-^j 1 til 4 ^j_c.Jlj^I L^LstU 

; ^JlLa ( ^ ^ Y ^ i~. t . ..H 4_i^L^ -^^3^ 4.bl-Lo1 JLi^ (.lU ^ J ‘3 ‘'^* ^ ^ 

A- GABAergic. 

B- TH - positive 


CNS neural crest stem cell b^i^.r 

1 «^ 3 a (j^ t Neural Crest ^ *tl t_fl^_tJI L^LL ^ji ^IjJI 
jJj 1^3!! 4^£...V'^T1 A^l^dl lJu^^ju Ujx. i<U£.Jl:^I 4j1^II 

jujl.><jj ^1_■ - 3‘>VI L^ L^L^ Ljlj^jJ tc^l ~i^ II 





























iJLI 4 ^LoJJt SjjL^I L 4 ] Liiajtj iL^j-u^ 


I^^J^JUVI ((ill^4Jl]l 4^1_l_uJ^Jl 5 ^ A1 i Aj t A 

(3.ilr^i*i (j i <>TI l3j.jlU 4 j r J '^t L^L^l ul-^ 4 ii j rt -*nti 

i>JUb V ^ 'V j ^ Lj t < H JL^ IJ-A f~ti \j^ A A I* ^ ^ 

UjJU^^I XI L^i^Jl tlj^L^I 

CiLodi^JI (j3^ J^ 4^1^ I j £jj ^1 S_ ciJJl) 

\ I C7^ L^jJu^ *4 iC.Ji '^11 4ai^l t * 1 i*! > 4^ jj <*< L^ cIj j, J 4 "* (,^^1 

jtj^XI t—fli 1^1 *^1 (jAiL>>i—iJt Cu ^1 ji i^Lf I (_^Xj! V| *^^L4" II_^ I j ‘ *■ ■^ * 

iZi\ a i^tl ^j^^Jt-i 4_ti^ IjLA 4^ JL^I L^L^I 

)4^JL^iJ1 4 JjL«JLI 

LM-iJl ^>a Neural crest cells .^>11 l^ jjJI Ij>L>. j^ljJIj 

(_^LziJI ^LSt « Neural Tube 4 j «>11 4 j>-^^VI (^L^ i^\ 

1 4<a 4^j)" a a ^jt jJ^ l^UI^j . m r-^tl 

iiftiU ^iiijJ iSpina bifid (j* • ^i 

i^^i^Vl olxA L^l-^ l^;j3 fOJSB^ 4-t^j^l ^,i„fcrt,All citjJiJl L^Lx 
l-4j| VjJ IjlA )J« ^ *1 duL^ l_d ^ ‘ jl ^ *^^1 i ! tjLxJiJ 

4.dx^ *^*1^1“-^* 1-^i Lo^ ^ 5 A Lj^i^ ^LqJIII .^l-^ ■ ^^-n * 

(jjs t lalj a iaJ>Jj^ 4'^iu'd LT^J 

4j ii^ til 4jf >1^1 L^X^JI jj^dTj diJj L7-^J *■ jV 1^ ^j.jJij|3^t 

^1 i^jS^ViNeural stem cells 


U' Lr^ 


4..2i£^_dj S. J. * Morrison ^ Oj d*^? ^ ^^^ |»LjtJI 


dUi c^lj .|*l..»5’iVI Sjoill Neural crest cells j^^jo-ajdl t-fljjJI L!vU. 
(_^1 4jM^t 11 4^^^1 Ij 5X^1 BrdU 1 <i m-w 

L 7 ^ ^.j-AL^JI i^ju^t sciatic nerve LLuaJI i ^ 

.|4iii rtM dJIjLa ^ ^11 uJ^^jlII jL^ljl 

ij^-su Lj!^A_>JI alxjb (ji Chicken embryo 4 j^Lvj (^I 1 

LM-^I ^Jub ^^ Lo^ < ^ ^ 5 A ^^1 ^LqJiu jl 

C7^ (.^J 4a:KVl Ij^L^t ^JLA LoKj .^Lo^l djJL^I ^ 

• ^ ) ^LolU 4^1^. 4jiiX iii'w ol j dul^ j^lU l^jjaLu 





















_j cj (ji-L^a u3 sft—iJLij ^1 <i it n jjLkj? tjVi (jij— 4 ft*) 

^IjLa i d ^11 L^^I^Li ^ i 11 4-i^JL^Jl ^ 1 ^ u 

La ^5 Li-oJ iijjLstJ ^2>^L4-II (J-* (J^ *3^3i g’l'ij ^ ■linn Ij^L>JI Ljlikj 

. o-v* tl UjL^^ cJlIj 


4mm^1 2mJiiU 4«i^l jlteJI Jk E^t 

^1 1—iJI i iiZj LLj.»-fc<>.~i 11 t rtI"iia oIjlj ^l£L>iJl 

(jl I U *y 1 LiJLLA 

'd ^ j . ^ ^ tl A ^ 1 ^tl tjM ^tl L.^ iSjuJL:^ 

j-aJJ ijjSJLi ^ OJ^ *j a M 4 i mi" 

Ll^L^^il ^ Lta~i A ^ . 4^ • \\ A i 4-^l^Jl CajL^ * CJ^J) (J I '><iij 

L^L-iJI (jJ]^ 3-4 4 j I fai^ aU SjL^yi iJiiJ tuLjj-j-uajtiL^ ^ a lt 

(^1 LM.^ 4 4 f jJLl t* lLUJ-^j 4-aj^,ju.uA.Ji-lI 

ol^ \'4 J^l *4 _hv^I LMSJIj Jiilj^jl 4j^ b>UJIj ^Jjl LiLiJI 

(j^I^-aVI tii^LlII j] 5_iijLi• ti b^iL^l l^^L>>j 3!-^ t-iUjL^ j-Ah!\ 

J^j-A J5-4 l3SU^ Neurodegenerative 4_J>LaibVI 4 j i til 


4_^j_i^Ajl ^JuLlil CjM tii K 4 I i^'ili t3j) ***^ i^jW 

^ p ' “i'* Liiajl i Amyotrophic Lateral Sclerosis- ALS 

^ A Li A tA p-b^ mtl 4 1 aI \ t '1 i-^t ^_^jLib^ iLou Oehrig s disease ~ i 

Jj_^l y ‘(jjJl t-iliJl ^^L-uaV J? iStephen Hawking - j^>A 

(-dJj J-^ j5 ^-ib^ jl 4 j"m (jySj-fcuJI 


‘.^^bdl 4_LL4£i 33-^bJt i *v^* 3^~Jj"lj^~ ■ '■ I lLII-L^ 3^^ Lajn e^C 

‘J y I 4_n <^t !l 4-^JL:^I 4^i^l jj) Jlu 

^AA Cjl3_4-se_4^ 4 ^Ijl^ Cjb^^La "i ‘^Ti cIjI 1 ^**1 ju 4 b^L^JI 4^^ 

_ baLoJ ^^L-aJu V i^f - ^"11 4 J1 4 f. t n5" , *fc- t^L<.nl-ljo 


5j-JjLl 4 (4J ' 1^5 ji^ (_y5 4 t\ i^t!l b^LiJI 3-* 3 ''-j*-4 

4 1 (Iib-ll 4 jivi jJI SjLcuVl I ^ j~l3 3I Crl) ‘lJI^ 3^ ‘b ba jljJ,! jJLl 

^^^^1 a J I «tl b^L^I 4 il -w. ^jLftJiJl 4-jl.4f. 34*^"* l^lt 

.^1 L^l ^bacj 



























jl r, ij^Su 4 1 ir^ tn 4 j r.iJLj^l Il-^I _T 

ji t dl~ij l^Ll^JLI jJLI 

jtjJLl 14ij 1 A 4^1 ^ g i g Ai~ 

5j . .^•tl A^JL^I L^L^I jAMi4l>alx. tZjlj rtir a jl LltljLif*^! 4jjJ.4-* 
^ *4 > 11 a\ ^Lu^yi jl clil"t11 4 j ^JlJI ^j-^l ^| LaLo-i J-jl ^~~ 

1 ^ j4 4j IiT 1 S il^ ^^1^ V~~t 1^1 f^\ i^ij Uj lJl!Li]| 

^^L-ud^I cIj 1_^T ^ «■ (t ^ ^j 1 ^J.Q_jLj cillju .ojlJu I jg' o^jj 

. ,K III•^11 j ilr> Mi l ^^1 jJt 


f Mik^i 

4jl l^ii V V ~n 1(1 4j^ JjJ 111 ijJLut 

1 ^ I>11 I J <>i rtj (jt 1 4_j_j_uajLJI I^A j-jJiSJI 

: L^LiJI aJJb >^Vl (J^ijlJI 

:Neural precursor cells 2 lj^vi2UmuJi b^i^i 

^ ^Ij^l l^ 4i4Lta ^1 (^1 aTua 

Ij^^kJ! 4ji^L>JI 3jLu,tVl 4Ji tiai<ii)l (.7^3 L&JUiJ 

• l^j4 <-7^I 5i I dj) 

Pluripotent aii)3^ ■j'lj *y*^ .u f >'fc V* -Y 

lEmbryonic stem cells 

l^jlf li li^-w ».iUj ‘L?^^ 

djjL^I L^jJ Ij^L> *0 4 jl O C (JJA Ld Ci^J 

L^jI Lq^ * i iu -^n 1^ ijji i^I ^Lo-iJl Liiaj!^ (1 ^ m a \ JuJlj^ 

.^LftTu ^1 <rcfcTf mil L^Ld-u y ‘'T~“ 

Rothstein. j T - • ^ ^LiJl Qji ~ D- A iKerr 

L>^ 4 j ill lj^i^4> ^4^1 *4 U>-^ 4 t ^L-g&j 

dj'i •"!! djL^Ld cj'^ i>> til * < L^~<Ti (_7->l-*j jLia 4 j/■ \ -^tl lj^A_^| 

iSlAl-d 4 -» j'.'t ^1 Ltd ^Amyotrophic Lateral Sclerosis 5 >t l 

SjJi2 |aJ L^jI *4£j-^i 5 jIjuj_« 1 (_yl£. jLdJi ! j-A 5jJlS cr^J 

i"tV .>«*n <„i.l i^*iJI ^1 c_kj^^jJLI ^LLt"...1 jLdil 4Lal£^ 
























^uobII gliitf [9 ‘^jr N^ir^Jidl 


Motor neurons oUj i til i >2 u.' lP=* 

|j^_iJ^ » 4-^^, 11 '*• ‘ ^ ^^_y^ 1-Aj)_^.Xj 5 t I u t ^ tI*jI T1 ^ 1 ' 

t~>*U .>>ir J^JL4^ (_kft-uaj jL^ d jAl-LH l“>V .>1 e- J1 <^n 

JUu ^ •!! JuJuig L a • >'-^ OJlJU ^ (4.^J2i.>Jl 

^ ULo^-I^ Jliuilj ^^“i n 




itaj 


L^uJu^ILlt C 


.Sindbis virus 



;i^ti^iiUkit|0^i 

■L ^_j~t *» 111 sLdj^j J-i^ J-5^-^ 

4la_i-ul^ jL9 ALS ..^•tl 4 ji ti'iTl 3 jl^I^ 

Lc^ i4_flj^^)-jti! 4_tiaIj-C.Lj (_^jJLl jj) gh IjJL^Ijj 


^ »I • A I ** >1 . ..1 < A 

I^LjLXi-uI Lo-^ ,5 tl 1 .~'M ■>^ *1! ^JUlLI l il t ^ ^ ^JLiJl 


. 4 ^ 1 jJI LilaJl jjrfiStiJ 

Embryonic germ 4 _u-j^l L^LiJl j;^LJl 

^LjlII (J-^ (j-A ^Lwijj (^'u^ (j^ *l3^ l>^ i.j..<;.l.i^ Lo.^ 1 L^.>^ cells 

(_^j ^yuusj S^Loj-x* CxjI^ (_pJI < y WA i^LiJI ij!>^ 

t -»• ^-^1 4_jlaJLjO ^ . ..S A A .L .^uUa L~. iTt . ^ A \ ^ ^ ^ .* 

lIUjli 1 1 La t*. djl »* A LyL^I Ju^ CaJjL^ ^ 1 L 4 J 4_^lJia^ 

^L^Vl aljb iEmbryoid bodies 4 _ 1 :^VIj 4 j^ 

■ .^4.~H cLuj^ ti.^ all L^L^I 4 n») La ^1 J-ild Vi L^l L^Li^ 

aJJb ^ !>*• 1 ^ ^ jjaJil iyJiseja 4-j^ 1^ ^-^j 1^1-^t 1 d ij'^* 

djLiwljLlI tstji.^.ti ^jlj.*i.^n |Jj.>«JL ■ Lj-^1' j^Li_uJ1 L^l^dl 

^jjo Ld Juuj - ^ "j ^ ^^ « L«' ^ i^jC. 

IjL^l (3-^*^ (jy^ ijLi-a-Ll JuJLaJl <"'l 

tfri in «"l LM^I ‘ *tl" * ^j.d^o ^ (jr^l * I Jl£.Ij^ i d^d 

.dljTril 4 _AjI£j 4£^jL>Ji f^jC. i^jd^LjO i^ljL^I^ ^^Ixd ^JL^ tijlli 

‘^j ■ xU£.Jl^ 1 4 jl-^li Lh° La i^\ Jl^Gj 

t"tl ^ . ..ij!l I)4_i_j.jt_dJi 4-j.^^ j.j_lII d • ^ .U!l d d \1 1^ A 

3^'*“ Ij .^ ^ d 1 ^ K 'djj. .z, .n 4._C^j..>JI ** j ‘ L^LadL 4..t^L^I ^ 


i^jkJ 


.{jjJi 4jl (jr^ 


L>liJl 




























Ajr\Tlll 6>^liJI 


aJJb L^j C11 f■ «L^V1 dJuk La 1j_dj_ftj ^ aL^LlII (j! JL^ 

‘tlr ^^ ^ uilLlib ^L) t^lTx ^ ..^ ^I VI 3jLaIL^I 

u^LusJLI jL-aU (Jj->J1 (Jj^ ti '><Ii L^L^l ^j! Lol _ 

.4-^Lil L^l^Jl i~il'v^ t il £^tI ^jJll t*‘M'v 
CjI^ a tc a Otjj^l t «1 ^I jL^l 4^j 3 '>ill Lti ffJJb jl - 

i 1 Ai 1.^j-jQ LbLj 1 j"". ^~..A A .5 il i^U t-.L ^ ^L.u-^lj 

^1 l 1)JL£.J CrfJLJjtj ‘"^J -^1 ■* i^1^_£. (j_4 (3^^ ^^4-4 i*. i“. it A 

.CujI^ La^ cLLoI^ 4 ^ jj >. 4,j I 


^^ j L t < !1 jljt Ld tjL^ _t<1 • ■ ,^\ j aL VI ‘^jg L LiLfcfc La 

^V-C Luqji^L Laj^i > v*mij ^ <L^ j'^TI 4-il>Jl 

CjL^I 4 j ^ 53 J ^ '^3 ^ 4_udL^ 4^1 ^1 Jluk^J 

L^ljLi*Ji-x4^l (>A Vjj 4^jl^I .Repair Mechanisms ^>Ll^V1 

1A cJ^JLlII J^L^yi j\ dll Ij^L>JI 

^jX> \lxJt Cu.l Jl^J • L^jl J ij-a ^ I~j (Ja t~i ^^L-l^VI CjL^T (Ja^ 

^^Li^L aH 4.uX.JL:^I L^L^I 4 ij t a 4^j! ^Lioc] (3d>^ 

L2'j Ji^' 

1 ^ Y • *' ^L*J1 TT Jb!l 4 —Sj^j J. Fallon (j^L^ ^jha aj 
(TGF- Alfa)jl L^i . J>^1 uh<*— uy±H ^5 'j-> 

oj^\ J:>‘ljJLl ^ Ll^L-uI jl^jj (S'^\ .Transforming growth factor alfa 

^^Li^VI oLiLa^ cjL^I ."..Ti a~ i Akj .(jiJjOl 

.^1 ...^JLlj JlI^JIj ■ i Xll£^ frl t^r Vi JuJulII ^^1^1 

jLa ^A TGF- alfa 

jL^ o' 'i^>^ Degenerative LJ>L=L>i 1 j chLju 

O-Dj—* (JLa t4_JiL3tjVi ^ » * L La-^ ^ 

Ijla i I n 'j **- p ^' .TGF- alfa 0 ^. 5 ^ cjLoj^ ....^ i * 

O? jJ^ ■"■ * (J A «" ^^L.<oVl oL^LqX. >,“<lt 'W iji}^ Cj i j A ^ t 

^ j.‘ *"** 4 _j-c,jl^ 1 L^^LjJI (Jajw ^a^L-u jLa TGF-alfa 














^jjajUI gliiojg'jkjc \-air6iaiall 


SjutJ ^,»a Subventricuiar zone U 5 a-Ui^ ^ 

(~dij OJl^ 1 Jul IjLT^ (* d ‘ LaLoJ 1^3 

Nigro striated neurons 4iala-im lIiLjj . ill 

tHydroxydopamine -'\ jt SjUj 

_ a 4_j ju 1 a '» ~dl iIjIjIj— j— ^ V V " i n" 

4_j_C.J>_:^l L^Lidl ^j1 SjL£. JLju ^j^'Us J^-^J *lJJ) *“*J 

^ cli^L^ i4_3Jl3Jl ,3^^^ Lr^! ^ 4 j.^u.^jlII 


jj—^ ^ j *j ‘ ■ »~. 3 I L^pL-^I tfjufc i.~<"i I IL>a 

s .-jU jLiJI ZLXLu^yi ^LiiJl iZjIi\S .Dopamine neurons 

1^1 11.1 1 14 uoLa^pl^ iS^ 4_j^ j ijLoll ^ 3 ."^ jLdja ^UlU 


('^■) 


LT^ 


JLJa 


L» 


1 ^ tj! . .1 


.. I MU'!»<».» 

CiM'cti 

ijj.. iiMii,.j..f?jlj (jJJlS-Ij (jO^Ldi Cjiii...'V 4 A A A 1 ^ i^Ll^ 

3jL£.Jj j1 4_3 JLjJ 1 lilt Vi 4-^Jv r^n |»ijL%-4-^V 

^jja J^lj (^1 4 jx^Lc. O' iL^jLju 

^ iL_i^-*t,l Li^vL-pdl ^jjk IjlA 3 ' t .*^.5 .^..^ d j ■ • tl ijV ^!l 

^ 1 JUbj . jJ, 1 (j-® ^ JL _^\^ Lr^ y~^J‘ *'~*J tj^ iiifaj Lj pfl 

^ J .‘^JJuO jL^jOl oIjLi.c3I 

3^^_^1 CjLjI_ L^\ 4 .^1__ A t it i~n 3lljt4-jl ,Lr^U 

jjljlJiI LiiJjj ^Ll-iUi 4_i_L^ Spinal cord injury 


L 4-4 1 L^j 5 11 d^i i LyL^I ^' 3 -*' ^jLtj i^ldLj^ ioLjLi^VI ^1 jji 

jL^-:^! CjLjLi^} i^a ^jd 14l_i '»■ 3 iII a JJk-d JdlSLJl ^^pLtJl 4 _^Lq_C Jjl.:^ 
l^ Ia f d .. ..’1 t^Llib 3^ * LoIj L:w^4x. i it ^ Mi^t li 

- 0^^ 4JjL-d ft ^ (J^i '*'_> jg JJ, i ‘Tr Aj 4—^3^ 

3^ y ^ d A "X i LdLd-) 1 ^ ‘ ^ 

4^j-di ^JJ^ JL>JI j( i»*A£. (j^ Vju MjAs 4^Ju5 





























> ^ **■ ^ <1 a^\LH . ,A IjL^ \—i\ 1^ A j ^ iS^3 

Lo ^j-L-i ^ L^Tl <j^\j-c.\ ijLp j_yJ^L=tjVi (_y_LJua-*Jt ^j-LI 1JL^ 

‘ ^Ll^aJLI J^ 4_iIiLjujLj ;Jjl n^ iut^ -^11 JUIJ 

t ^ ^ ^ **■" > ,jl I Jl^L>> lJ_J^ iijJL->o ^^ ^ ^ 1 3^-Ia-i_i-uJI 

(J-oAj t rtlVj L^ * LaLo-i (JUj j-^-ftj 4^ I *^1 ^ j.Ll_i_._.j^ 

jj* ■"■ ^LlLa “" ^ I (jJJ^ . aj-X-C.^ ei X • .'-^ f, I Lj_i_u L^ I 

4j^ 4^1j LT^J 4.-4-j-a^ ^lj_4-uj 

Uj 27 ^t-." . .. 1 V OjLi i4^jLJ 1 ^ ^ t A l_dj.JlJ ^ i_^j.JLJ i«.L_1_^4^ 

La>- L^jL^j *Ajj1 j . .1 c^Lj ^1 "la^ i \ A, li a jl i^LiiJI j^jJlud t-dl i n aj 

jl ^-1—ij <.£LI j t -* > ^ .di-L^jl Cf 1 r I tid-Lv 1—i '*>■ I j| 

^j-M-j^ Luoj-ua_>-j i ^j_a-uD 1-4^ t^^LuD L_alj_^Vl 

.^^ijVi dji^^^.>Jij ^ j . ik .i <y j Mill 4ji^c 

<L^J } •H L^L;^! ijj m jij) 1^ V "ili l^-C 

Substantia nigra & strialumLojai ^1 ^J^ 03-? (_^lNeurons 

. 4i^lj 4^L_4^ ^jLa SjLo 4^j 11^ >11 I 

^4-AI^ ,(^LjJI «n ij^L>JI iJjVl (j-« 

4S^^ (j^l dj^t-juajill ^JuiJLl u-iLua£,VI 4 .jJ.4^ i^/laLijJlII 

5J-La_j_*_uj 1 ^1. V a 4 i^-ijj oUj) t ■!' Ij5'L_>. oV^ ^ 

4_3j^i_4 ^ j g. L \[ ■■■.^1 . ^^_LAi-lj^jL i 

L> ■ ..Vi ^JU^ dti^j - JuJL^fc^lj 


L^y 4>»-^jy eiu 

4 ^l-C Jlj^JI L)^L _^1 t ^ ~ . ..V j 7 '^Lub ^1 

<.jli>JI Jj-i-£a_3>Jl JLJUJ ‘ ‘ “ ‘ * sJ'^J ^L>- iJSLluJ ^^LjlII 

IjIM-aJI ^Jl^ 4^^ ^1 i—dl 1*1 ~<i<ti 4 "ill ^ ^^3 4_J_u;LiJLI 4 jr jL.>»Jl 

3j1JL ^^»11j i ^ j a e-)j_£.jJLI d>Lj^ 1 • n Li^L^ j «t ^Tt 4-j_^jL^JI 

Trophic factors 5^_i>J,l^ ^jJiJLI 4»ioLiJI ^JJol^_JLIl i^jA^ljjjLJl 
























l)j '" * I^ /t« ,. * It ■ L\ ^j \ 1 j j ^ «*" n 

^ tt"< 1)" III11 J~^ (J^ Ml t fk ~n 4^-L^!I Ij^LiJl JL4 (J-»-^ t _ i 

- L^LseJJ ^ J ^ J ^ ^ j 3jJjL!Lx . 4l^1j iii"iT ^| 

jl jt>^ J *J.' *^ ^ L^L-^ ^1 |:xLH1 LbjjL4-ij Ljkjx-i 

^jQ 3^^-i_uLj^ _ 5 I ^ I ^ iciJLI L^UJl i>jjb - Implantation 

i L^ t2*£.jj 3jj J'^ll 4 m ilL ^Gj l^lt'^j Lo ^jl£JLl (_y^J 

d) 1^ 1 III I 0^ 1 ■ ^ **■... I l_>a ^, A t, ,4 I—1—t L.4 

(3ju_iJl^^J1 4_1^^1 iJ—^I 4—uj-j £i j*~ T * ^^ ‘ 4^1 J-^*^ 

A iV I ir 1 ^" ^ _i '!r~t ^ ‘(*"5 dLLc-> 

.^^,;i.j4LjjjLlJ oLjj) t<^»!l ^L4lu .US4 jLjjU£.j 

^^,rl!l>-L lII iJLj (3^^ 3* ^ 4-i_(xLiJll 4-i^JL^Ji 4.jJ.^J1 3J ■ ^^^ 

4 1.1 rt‘i j_^-fiajj_Ll (j^ ;j-<a Uj^Ii ^-*^3 ‘(*-‘^J^ (^^4M ' ^ 6' ‘'JJ 

(3'd>-L^l ^1 JL^ . 4dC.Llll 4£-LJLI iwi iJcTcU ■=* ■ "j 

3^ '*^1 <J3 .‘ ^ 4.f^JL^1 |Ja^4l ^1 

: fiJJt . a . 

tAdult neural stem cells^^i2uju^ii2u4:jL^ib^l^ 

Jjwj .^jlj_x^l ^1 tjL-ujVi 4 jiJLJI 4-xja^JLJl LM-iJl (jj-Aj 

L^jI _ IjlISLj 4-*-aLj^ t .In 1 — B.A. Weiss S *Reynolds jjlJjj^j o^3 

i 1 AJ^ ^3^ JCJI (JjA aftl a^JLj ^ I~i U j) i> T) V 

(j^ 5^^ i11 J^ljJLl OjI^ 14'm'>» 4 4j»") 4jl'v 

1 ^ :y d)l^^j^_>o <.lLlj dJLsu .^^^Xl-s^\ ^^^Lllli 

^_y i j 1 j>J! ^_^LllJl 3j>.1^j_jfl V| ^J.4-a^ V ^ ^ Ll^'w L^LjusL^ 

^.b*jj.‘ ' 1^1 1.4]j^.>tj Lo-^-iSLAi 

lEmbryonic stem cell b^l^i -T 

^ - jL a\\ a "U a - ^ I ^ I ■ L11 4j^i_>Jt al"^ \\ Li^L_>- ^^jja diJLj^l 

L)^t—^1 br I fj^LS^ - 4—L-mi-ijO 4. M d>JO . J—L "l 1 0-XXU_Ujl 

j-l\ 4^1 l_^jjL-^ a -A •*■ ■*. A i J ^ L 7^3 1 4^L.i I 4_a_CJL.>Ji 

‘ ^ *'3 .' ^t^H I I ^'.aa.dj^Ot t^J_CjJLi Ll^LSJI "Hj 

Li^L^I ^Jl^ 4^ljj JUlj 4LLx>>t t^^JL>> j > .(j^Lt^JiiJ 

































j. j.g. ^j r., 1 H Ij^L_>J1 ajuA jjj Tc. "rtj I jJLl 

jl3 j1 <4 ^ <tl^c jl ^1 li (J^ 4 J 1 1^ tTl 

Thomas Okarma LijL£’ji j>:^jJ! {j$J 1 Teratomas JiLo 

^jja l^jSLrQJ ^4_dj^^j 4jt J Lj -wjj 

t ^ **- Lj 4 j I I^ r 4^ i^ix .Ji 4 ^ j 4 j 

i-iiijj 4 ^tj , L^ •\\ Lj 5^_>J1 LiJJj 1 ^ ‘mi 

ijlk^Vj iParkinson's disease uj .y m<jL l^I a jLia Laj-cjj 

^ La j-Aj ni_^jtLa ^j_i_iiL>»j 

■Umbilical cord stem cells 

jJ_i_>Jl |aj 5 jj9jj Jl^^J ijajLl] 4_iJLj 4 j_CJl:k L^J 

LVLjv ^1 — L ^ -v.^ .“. ,„11 . j I ~i L1 1 -K1 L-usljI a-tj 

" - ... 

. ■' A i A A^. .^r- 

■Human stem cell of bone marrow 

:4^Jl:^1 L^L^l JjJUkJI |»1 latll 

. i-dJh 0 _ ^ ^ ) HSCs jaJiU 4j-iiuJLl 4^ j-rOl b^LiJl _ 

.Stromal stem cell [j%^\ - 

. ^LuaJl A'x «.ujVIj t ^ Us*n La^^Ji-uJl LM-^ - 

.Mesenchymal stem cells JU^>^1 j\ Li^Ul L^U. _ 

. Precursor endothelial cells ^^jJl ^/Vl jjl:^ ^U dl ^jVl L>UJ1 _ 

.Precursor blood cells ^j2\ L>U. _ 

r ^ Li^L^ _ 

Lj^L.>. ^ ^jdJ ^ '11 4.j_c. jl_9kJ 1 LyL_^l ^L^l Ijub ^ 

4^ 1 ^1 t q ^ 1.^1 *4 j f I i *^11 1_aj^ ~i f iiTl 

jJj^_>u Qja (jO_>.LJl 1 a ^ .(ji_aLjjjJl jjJJ 5 “ a 

^ 4_^LjJ1 4u£.Jl>JI (JLao^^i^l jl 4.j^a.%lll 

:Fetal brain tissue Transplants SuJLcL^i^t^-yiHiii 

^l r ^JLl jaLil ^ ^A' jkLjtJI 4 all t, \ "i^ 

JLlll Chromaffin ^ t<l i . ..^ 


4_9 


4 aU>iil in m^jL Adrciial gland aj^JaSLlt 5 j 1 1! 


^Vl 


j> 

























SUKlill oJlS'j ur^ Nigra- striatal area 

^j-se-xJl ' Joj Tt I A Ml \ «"i i < 11 ^ji 

«Lalc. ^ ^LsbJJl IjL^ ^ dJLsc^l 

jj1 t*-. il I ^ -1^ j ■ ■■' ^j-‘_u_>ij .5 • lZj«.L>- JLd-d ^1 ^1 j ..XU 

^ ^ i -^1 lLLIj .4_^1j^^1^ |_].^.jJI ^ ^ >a-aj ^ ^ 

i^^l 4 jK li JulC. i 4 A.l'v.l OjLB 

(^jJI j^^J3E_sJI £jj ■ ..ijCjt t 5l ^ fJSLlIlJ j^ jjl J-^Vl 

('So) . . ,, 

. ^ j.-4JfcJi {j;y.u-c^ I i^Jju 

4.jf "i fU 4_ijj_j_j-ia_*Jl Lj^rL_>Jl l_^ii^a_3Bj ^j! Jjj" -s -11 ^Iji ,^Jj_fl jj-AJ 

Lars L/u-uJjl cy^“^ (Jii 0 "'^ • .rt^tl L^liL. wa j/uaLjoU 

I • 4 .'> Iliji II <jijLj<j >^fa<ill ^IjD t IU Olsen 

Sjj-ill vIjUj) u^^tlt LjM^ I 4 J (g-i-iajjl jl j- 0 -iJl 4 U"i*^ A JJ-C. 

LiLkJl tflLA ^jl ijsx! 4..^LaVl dj.:fc_>Jl jUs ^ 

4j^l^ 4j«_iJdlj 4^^ju.ac. ^ x^l (_ 7 ^ O’* l.^.>i>>.ij 

f^y\£. ^jSLj 1 . ^,.j,*fc,.Aj .(j^LjjiJ 4,>„,riiia 

5^ j t i^W 4j^^U 4 ...Wl .,*,11" l^inj ,lrv>- >ji^ j<i.U*>^lj 4jl 1-^1 

(^jJl J-«^l (OA:^ Jl^ ^jI 1 ^ -vL-je^l ,_y^ ^Lua-Ll (jisLlll 

“ f ’ - * 

Y (_jJ3 CT'-^ L>-® 4^ 111)1 ljjLli.Li 

4 t •» i~Mjq Ijflm Tr 4 *0>j) ‘“^J^jL O^jjj ^^Lul ^ ^] 

/ ^ (3^4 ^jK>. ^Iju^ L^ ij-“Lj V 4.jji£D^ 

■Brain neural cells of fetal pig>jLH^t^^U^‘ty nnr 

4,£j^^j 4j^.j_>JI I j .^~U j) IL~^L^I J '^c-Ti. ml 

2^y^»] \ L^LkJl Diacrine Genzyme 

- (j—* 0 j <>® 

1 JbjjtLo ^j_i_u->u 1 ^ I jlf > 4 ^ - (^ 4-1 1 ^ ^^ ^ 

^ 5ljj>Jl jL^ (jT^ LVLiJl j-ftj 

(^j£. (jAj-:>-LJI tjL^ t La^^-lC,J 4_j^Jl.?J 1 Lj^LiJI ^jja ^l^Vl aJJt 
i-illj (_$1 J- *OLi) C>^ frl ^ Mill 

Ij^Lv iJ/'^ljjjLJl 4-^j_j.-ua_c, Ij 5 L>* j_jJLajLj Jjl L^L-iJl 


J> J- 

















1 ^ L^lj Cj_iL^ 1 ^ ^ifc fj^Lu^s^ ^3-*^ j til 

L±JjL4-i ji '^^3 *-^3 ^Jjt^ t^XI 3^ 4 _j1xoVI 4^3 u^ tTI Lt^'L^I 

. I Jl^Laj ... 4£^lj^Vi 4l^ 3 I Lalj L * ^■^*1 



.jj-flj^-flVl ^L-aLlII ^Lse-uaJl ' j* '^.* iROfl McK.3.y j^l^La jjju j^j^JlII 

lj^>i_j^ ^1 jj' "" jl ^tt A ^ J ^ i -^11 jjji, -%. djJL^Lui—dJ 

3 ' I 4_u3L^1 i-^jijJ^I ^j.>4 3 ^ t-iUjj 4-sc-iJal3 ^ j *3 . i^ ^ 

a ■ ■ 1 1 ! 1 1 ^33 ^^' ciUlLi ljJL 2 ^ * 3 £Ll 1 I ^ i-^tl ^ A 1 r. W t~* 1 ^ * a 

Jji ^^l3Jl3 .^^3^1 4 .jJj^l^«-11 L^Lj^ ^33^L} o^j ^11 


4_iJL-i_LLaJI t ^~ ^ 3 j I ♦'ill 4^1,4 r _ 3 M_^li - 11 -^ I Ijg> (^l^La 

, 31:^1 ) J ^3 1 L 4 L 4 J 4i^ 3 '■ * 3 ^ jj^ ^ 31 .^i \jJt |:k. 3 ^L^ i4_JL.a^J..4^>J I 1 ^ 1^313 

Ij^ V i ijJi t.Oi^yi A 4l><n>iil3 (^331 41Ljl 4 <iiiU 3 J.4^ V 4-1.U4J 

l.,^ 4 ^.'43 l-^-4.ic 4-i.4-43 4_43.1^4 L^j t( 3 ^Lj 3 jJ 1 g- "uJ Cjlj 3 .i^.n ^11 

Sj-xi-^ j 1 JL^I 3 3,Ll^Jkt (^ISLa LaLaj ^ • frLlj L« L4J3 V^Xa ^ajl^ 

^1 <iI3*i ^ jjl t^ 3 .j^yJ^ 3 Lj 3 ^ 03 ^ 3^ L A 4." L^,,i„.V,!j,. i.iil ^ 1 1^1.0 


3 ^ 3 ^ V * 11 " (_^3-mJI (J t '>< 1 ! t dj i^~i (_^3J1 oLLLdoVt t 3 \j I^ya 

Myelin^_^jJl i_ 3 >Liil Iaj^^Ju (_ 33 LJi a *11 b^L-?tiJ Axons ^ 3 _aJ.I 

. Li^'L^I ( 3 U <ij > .^wil ^Lu^jl ^ j^f 3 ^ 3 -* > ^- 6 -* shc3.th 

4_4jJ _Ci 1 —5 l-t ...I 3 t 33 ■« ^ ^ Ia-lJI I 4y4 * \\ 1 jL_i ^3 

4 U,m 13 J 3 *^^-^ 3-11 «n 3 I^ ^ Oligodendrocytes Jul 33 il 

3 jV 3-0 ^jJ .(^^iflJt ^1 i^aJl 3 Lg-?d' Schwann cells ol 3 -<i 

T - • ^ ^L-jJl 4 ? 3 >L ^33 G. dRaisman 3 Lj >^3 cT* • • ^»L_iJl S ^Liu 
^1 -■■ 3 L 3 J 5 dT 'i ^ ^ SJjLqJJLI Oligodendrocytes L>Li^ 


4^i^jJI 43^.^I ^_^3-iiJi (^3 ji3j ‘ »t 3^ (j7^ 1 ^i5TT t t^iLviLj 

dilju L^l 3 (3l3_L4ll aJiJb J^s^scLa ^3 ^ > O 33 ~v. 1331 ^^ 3 ^ d4j ** -^t I 



































JjG:>.LJ1 ^j^ ^1 i JljJL^e-Q J*v Mi l ^j\S 5j-a 4_i_AiiJl 

Y- -0 |.UJI .<"■■) L>LiJI tfjua. Uj .--.1^. iJVI L^Lo: Ij^jju (J 
Ojjjj ^jt V jji l_ibjji£. The Week cjj-Jij 

Ij iii'w i aj.11^ <LjLjaL%^ Robert Hotfman 

* * " ~ t 

La f^Jl I »1 ^l 1 ^ A Ly^ - ,j^d T ^ 0-* - 4 j c JlJ^ L^Lj*. 

. (U 4 JJ 5 ' - 4juj! Juu 4-^j-_>JI 5jLfcj_i_yl ;_yl^ JLaJI 5jJLfl-a 

‘L. jJjjtjj ^ 4 j£.Jl.>J 1 Li^LjiJI l^jL>.j jLill 

t n ^ ^ L-k^L_aJI Li^L-^ C.(_L^1 ^ »l ' ^ ^ ‘ ^ ' *J ■ ■ ^ ^ 

.^JLIj 4_iJLjua-*JI L>^ ■=* ^ ‘L> 

Cj^jj iIj 4.^!uJbjJL{ ^ J J .* .“tl -^1 ^ A CdJj 4.jfcjlj 

(J_5j.^-:>Jl ^j-4 T * ' 0 j^LlII ,^_yji j I 4 4^ i“ij “v tSj <^"i U 4 jjL^ 

Huir 5j t t~i 11 4 _aJ1_J{ 4 j r j ^11 4 4^j i.jf^ f. L^LJk. 

1 i^iji 1 ^ 1 a ^jl£Lal iTi i~i La ^tollicle Stem cells 

4^jJI [j%^\ jux! iSchwann cells LMi^ 

^j ^Li»-a L^^LJiu i lirfii ,t,il jj).ar a »LiJj) * ■ »tl 


l^^jj La^ Jjl^Lj ^ Lja IjlA^ .4AJLU1 4.^j.^l t^Lua£.^l C>I^>jL^I 

jj t4ijb_k_a d j "■ i11 OjL£j tULulil L . c' [ ^1 " ^^Lji_j jLj 9 lj^L_^l 

^ (.7^ d^JLoIi ^lJg>"i i-u 1 

i. (JLCii 4 jjJ 4-^j->Ji 5jjju Lo ‘ ^ 

I j3 (Jj^t »» duLiJLjz LaVl (^LtJ ^1 (4^0^ 

1^ i"n a JSLiIij ^ ^t" 4.j j^Vl ^ j_p3j-a jl 

4.-iLa-a-^ 5 i < i11 oLiLusVl Cj^L^ 

tj^L^ L^^jJj 4 jl a f - ^ aW _ ^JLI LA^J 4_j_j_j^a_Aji 

Vtll 4_JL£. 4J n^«ti Ij^'L^l ^jJa JUJLtJl ^jja ^J *J .' 

^LIj 3jLc.| 4 jl a f L3^ L^ ^ j ^-■" 

ijji OjI^ La^ l^"nijhj L^3 ^j l^ia f Ji^'i" 1 jg 1 ■ -wj Lj^L^I fflxJt 

d •j .Utli ^^n5l£ JJl^ 4^^^ s^S ^ .^IjlU ^ ‘ 03^ ^ jt ^ /■> 

tj(^lj_3 _ 5Li_>JI i ^ -ILi ^j - j-j-i-JI l-6->^^ ‘(u-^j-l*) 

^1 i L^jjJl:^ ^jja 4K <uU jJb ljut ( L^JbL^I 





























V-^ll K 


d . j^Lc-jLudLjj j_j,iiSL»J 1^ sLlAil jll^ ^ t 1 II 1 

Jj^V Jaju «LAisJI 1 ^ J < ’! ' > - liiJjlS 1 flj ft IIII (jl jL:^ ijj - ftLflJI 

^ n ^1 Jl^ i 3 l_i.>iJ! -Il 4 —lL^I ^ ^ i" ‘ t/** JL^lj t^jLi^ 

. J-±j tj-a 1 L^J tj3£[j ;ji t '1^ ^L^j tjl ^! 

^r\_3t5 .d« 1 lI^H j-tiliI V| (jyA L^ ^ 5^11 (2)^ 

L-uLj_uI 5 , i 14 4 .^J ..^1 4 f.LijJl 4 _uC^l istL-ul 

J' ^LatjJl IjlA - Lillis i J _ L^LvIi 4_t_aj-^l LT^ 

‘ ~''3 ‘ ^ ^ 3^ i Li_>-^^.j_JI 1 ■ t-^ (^3^0 ^ 

* n j Ijj iL^lls 4-*j 11^ t Lj 4 t j 1 l^H (^yl^ t . I • ~. 1 1 ^1 ^ 4^1^^^ 

-LlJl LaI t(^jL_>- (_yl 9 (-aIj 3I iJ-^-t" 1—qjli jiJL^JLfl . ajyjua 

Jl^I^ iLiijIi u3-^ Cy^ ^ rtt . a j^\ j til'll I Ij^1.>J Q~it Ai > tl 
■>-^Ll*i ^LoI 3Lij4jj-fl IoSLa 4 < . 1 a I Lii jZj fj\ JL_._U_>J1 J 0 "i ^j ft MJ 3 I 0 Lj-^J 

-ui^ (I Jjl 4 l Ul l JL jJoifej V 4 jic (JjI r»~ i 4 13 I 

‘1 JlA 4..Ja..>- 4 _jlLma 1 <1>^ (4-3^ 4-xiU V «L^ls 4.^.1?^ 

.A A 4 I UL 3 4l^l j-^Vl ^^3 

d ^ ^ i '^Tl 4„.il.'^ 1 Cj«L:w IV S is 1 ^ V 3 ^ ~ V OfelujI Llt 11>3 

cL^ jl^I 4 .^ 1 .>Jl 3 . 4 jI 1 s ^jULl jLatX,! 3 7'*-^ 4 _ 3 _j^_>J 1 _jJb (^^ifcAwL-^ 

b^l^l ^Loj ^LlJI Ijftib L7^3 4 ^Ijl ^1 * j -Utl 

(^1 ^ 1 ^ 3 J.* tjft-sc-fl '^ ^ ^d 4_j-L.i^a-»J^ 

4 jl^lL ^3 ^.. I Op® ^03 ft Lq ^ '*j ^3 l 5 -^ 3 ^ Cj^A 

SpinHl(_^3-tiiJl 3 j_>JI cjljL-t-o! j ^^ ^3—** 03 ^ 4 i r. jl:^' 

LI^LJkJI ^1311 ^ ijLJuJJI o’ (>o L-q_^ LiUj3 tcord injury 

> ■ • .^." 11J iOa (jlaj-js j1 lIjjL^ ^.» id^-^jJLl j) 4 jLla 11 4 _i_j-i-(a-*J^ 

.^yL*!! 4.dJ3l3 Ijjlju L4_aj3Jlj 4jLi-3yi ^ 13 -^ 

■ dL-d-JuJ’ 4 > ■ ■■'* 3 * ' Ofl J 4-L-» 1 . .. t <•*, , „ i! A il f L^jll) L^ 

.' 4 ^1" I ^1 ■>" .»V1 (Jjla o^ » 4 l^ ■»>~... a 3'“J'-p jJ-^LSJl 4 n c-3 

uyLiJl t"i ]\ a!x^ i 4 .^jLd^l 4 jL>J 1 114 ^'4 ^ J33j 

La (33^ )__fl 3 _i_o t4j^Jj^l 4_al>J! g^LjjftJ 4jLi^.Ji^ 

L^jt^aLjoJ ijj-^3 Cj'?*'M Lt^i 


^V1 


33 O 
























djuju^ jl_^_i_ul CjLai i"u"i^l jaJLii i^LVI J-4-JJ 

j Y0 L^i,V V" . Ill lLjJL-"» ii“j 4_^ J-j^l iLjiiJl 

5_*jaL>-j 4-^jJ^lSJl 4.* dLjJl Y • * i ^LaJI 

_ Kang Kyung-sun 5 ^Lj-aj - liJJjj oj.3~^ 

jjja Multipotent adult stem cell kJklL 4-^1^^ ^'jj h‘‘^ 
Ami! I n*i 1\ >.4 1 ^ ^»)i .1 X A 1 JuJ 1 ^ ^ I ‘ ^^ i 1 

4 _JujljLd 4 juIuJ 1 ^ j" * j ~'^ 

C-lX,^ Jl^^ - 4 _ A I ^ J 1“^ dl lIjI j ^ ^ ^ t~.^ 1 U" . ..1 

^j-A LaJj-AjAJ j i I Iillj ^J-J>jl L^jJL^ 5j 1 >~ii»i _ L^JL^jl iji>^ 4i^ 


a-Li 


uj-^ tlv® y <* cdJj jAj • -J^* L^^* ^1 *~'Oj-^ 

4^VI 4JiJLJl A^ ^ 1 'w11 Ly^L^I i4l_i jJI 4 jlJL^I 4 j r JL>J1 ' 

“i ^jJl i^J A * n jlj—_Ljvi Jl—^ 1 A ^ —*-uJl Jj—>JI 

^jLiu La 3-4ij ^Immature 4 ^j ^-^13 ~ Hoon ]~]an 

4^1111 4_uaij^l IjJac! Y * * 0 j»L*Ji Jj>jl ^ A .(_^LiJLl yl^‘^11 

a.A.^1 4.jii.l.Ai £‘^ Cj^niAi.i.J.i.*j' JL3j 

f ^ • Y ^ « . .. . . ~ 

. 4^Ju^l 4ij>e^ ■ 4 i* ^ 11 

_ (jj 4 a aI ^ Su-Chun Zhang j-jlj j—^ "* ^jdl « 1 —^ 

(_yjj ill 4 LM i'^H 4 j lj5L_>Ji 4 _iSLjj-^V 1 «ti jjLo 

Motor neurons 4^^^ 4 ^^jjl^c. ^_yJj ^ • **j ‘ 


spinal motor 4^^ 1 t^c ^\ Lkjj-u 

JjLl^jJI SJjJ-lJLI LM-^l - J^ ^>0 Lo^ _ neuron cells 


oaLLJ1 ol^«"dl ^3d>^ cr^! L>* 

4.j_ljJj^I 1 -^Jl Ij^L>. (Jj^_>o tj-4^ ^ L^LaJl (Ml“iT 

■ 4 \^... ^ 1 ^ 4^1 ^^« n L!>L> (AJbl 4 .>j ■. 

ii—1.' I ^ •'' ^ *1 '. 4.uj1^jLlt^ ‘ '**' ■ ^yis c>La>laJi t**■ ^ I 

** fi 

(jr^i 4 j.Lx>. ^j-o ^ jt"i'i < n 4jC,.)i ^ i->U L^L>- ^olaj ^jl ^Liao 
4ja -Jr A 4 /J t A CllL^jl^ 4 aTi A CjVL^ LiiaJ t i^^yjt_AJ 11 4 U-s^ 

jj-i-ajj .^ji _t ... iti 1 jlj_ju ^ ^" **■" ^Jl ("j i l“i V t jj ^Inl T dJjJL5c-jQ_5 

Lo^ i d^'J ‘^l— iojI L)_3-^ l>* 4_i^Ij-L1 4.^jJ 


























^ t *l~i j IV t ^ *1 . ■> 41 j^jU*! tin \ li lit (4 j!jl^ j _ ti w^ll 

4_uI Lj^1..^I 3>jJl.4^ • L^Jl.^^ •"• 

^ cj^ ir> ^ 4_^Lii|j ' ■* — ^ JL-uojVI 5ju-i 4.-j-£^ mi 11 

^J.aj>Jl |_^lj_4ij ^Li 1—1^1 o^ *■ ^ ^ 5jjL>JLl Li^'L-iJl 

O^j ,^y3j u_3j-*-u (_yLuaj»Jl J!L>JI tSjjU^Tl 

. IjL^ juj^aS 


^^IjI 4^ J J-4l v! jJL:^l IjlA (_y^ (jl^ Ijf^ 

<:LjJSJt ^1,1 V.J <<.»Ij ^ •-T1 jl ^ -^Jl oLjLa^Ij (jr^l lJj)' 

(Ja.aIuuJ.1 4 .^Jlj^I 
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> (l^ ^ lIJLLa Ml tjjJ (j-* 

4.^|jJI (jj-i_ftJI (.[ 4If. lZjVjI -ir a^ 

^jLSj .<—d^j-lLj V j iTi (^jl^LoJ jl :fcjj 
(JjljLj (_ji^ i I li.^ j a (jrO_>.LJi ^ j a 


4 I ■ Mij 1_<3 jl ^J) j .1 fJuu-JU 4. j 

3jU<aL:^ CT^J 1^, j <»ISJ1 

)L^Ij^SLo 

4^iJa 1 I L-iJj—dJ 1 V1 1 

jJjb :^Lj-uj jj^-»-*- 1 1 Li . 4_^ JL?J 1 

SLz^Lija CjjI^j 9^j^^j_*JI 

L '/t iK I • i 14 t 1 ^ A I . t I •*> I ^ 11 1 ^ l<r 

jL-fljj \ tTi 1^1 5 jJl_aJ 1 4.^i^iJ1 o-v ^1 

5j^ ^Jj jjiJl 

|»J_3t_J_cuJj t dj ^ _U _SJj 


4 >U] 


(—*jtj jLuaj^l t_i^^_i_c. j_^iajLJ 
LaIjj 1 4 ^ i"t~ ^Jzj-xJu 4jl Vji 

,(^o JSLAii)^ 






« ■"■ Ldn 













4^ i-iZJI 



jiyjl (^1 »_<( ^^) ct^***^* 


49 Ut e^u j 

.Neural tube 5 ^. ^ o^Vl i-iSL-iJ (^^,4 j_l^ 1 ^J^L_uVl 

4_jJ^ (j^^-oLo t ^ ij jla tlr'-*-ll LajJlc. (jy^l - 4 1 I u11 

Li-i_>. ^ In * ~< lLUj 4_4_ju 4_^^1 Ij^L^>. i^jjq (_^Lj _ < V "L -a 

4j^j ■"ill IjN-^ iJJLIj jutj . (_y3 4 j> 1 n oljjj-i-AAJl 

Neural/ glial stem rpll a^s . ill 

jJoJ-^ lIjI a- 1^1 'j * 4 J< J .“.U d_^ 4 ^ U it! 















6^(jl2iul9 A..»» \.^l l A. «t^l l 


4__L£Li_ilJi Lj^fL^JL] 


^ ei!i_ub 



.^.“.Cl fJjCjj aS}\ 

iCjLjJJuJtli i 4_1^1 JLi 




^ 5-^ c-flVT 5j-lx. Lajj^ ^l ij ^i _ Retinal stem cells 4 _^jlj^I 

i cJllj CjVL^ 5 i ^ i ^ " A Lt^iLju ^ ‘ Jl _ oyL 

Rptinal^ jC . .^.t! ..Ljtl ,^j-a — a 

Muller glial cells i^jJI L!vU. ^ /\ pigmented epithelium 

4 j I t T1 4 j f J -^T1 Lt^ l)^*^ i-dLl^ (J-*^ ^! 

^ I l^j JlI ^ ‘ t l_iJ 1 j .t T t ■ .^.t! 1 L-iJ I ^ ‘ ■“■ 

tt—ALaJI , ^ tf, *‘tt j ‘^ ‘ 1.4 l?-1^ 

** ‘ '"‘tl Lt^'l_j>. i^jja 14_^^Li_uilj ^ ■ . ■■»11 

' "'-J.'' Ly^3 ‘'^ 1 

" " “ j» 

Neural progenitors 

4-^^ JL->JI ^ -^1 i ^ t 
4 J • . .^tl d ^1 1 j tl ^ 

LM^ (^1 jjl-A-Ttj j " ^U L^jl Lo-^ Pigmented ciliary bodies 

i ,A L^j? - d_^S I .lJI UyL^lj i-jj.i-.^«-Tl 

4-t£. jljnJI ^<,« -^1 Ij^>L^ 3ju^ Cy^3 * ^ ^ j...“-^t 1 

4-^j) j t^ *11 Ij^ ~^W j*j *7“^^ ^ j ^ ^ 4 ,j1^}I 

j ‘ “ ^ <^1 '< j > L^-sc^Ljjj t4-JjVI j1 

<LjSL i .tlin Ij^'Lj>. ^Lojj ^ j « * 4.0^1^ ^ J n J^ ^i-^! 

U-4 (Photoreceptors .>*11 al.S’ ...i l LiLiJl JiLo LMjx 

j tjnl! 4 J (dT^-fagli Lj^L^di C.^-1^ 1^3 . ^ 11 “« -W1 . n fj^Ld 

Lj^'L^I l_^ij^-%^ 4jijf->«li 4 ^.£.jl>J) Li^'LSdl Ijd . 1 ill 11 LiM-^ 

. d 1 ^ t I d I .". n Ll^'t—^ lyLLQ^ tjjLO^-d Juu d ■ 'J ■ atl 

• 0 ♦ 

Retinal4 __jSLj_iiJLj _rtjVi L^-^1 ^1 " tt i 

4_^j^^l L!>Lidl t>o A (^4lj d (>>jt degenerative 

^M-c, t_^“i Tr . Tl 4-5 jj^j Meyer J. vS i 1—4 ^LLajLu^ 1 ( ^ L^J 4 J j J i 1 
j-Aj (Hereditary retinal degeneration 2 < .:-A\ 

L^J~^ 3^3 ‘U'~'~*‘ ‘^“ * cT'-* (j-* 1 . \ 

Lj^^ d J ■ «-^ • tl d X . .".n t ^ ^ d J ^ ^ A 


















































4.j.^Ji_^ J *j) .‘'^^ Li^<L^ cr^l <j^jL.>JI Cijjv. .tjJJj 

L^-LdJ j-ji ^"tl 4 _LqL^ L^'L^ ^ ^ ^ 'wll^ ^ 1'^ t 

- j^—ij^ jj tlr'-^^ j-^ L^-L^- I i^^jt 

."il ... ^n 5 ^ ti 4_"11 Li^'L-^l 4_£.ijj jj >^ j 



n 4^ I inil djj-jLo-i l-4jt - 4 j^J.>J1 4.*<111 

4j1JlU ^ ^ j ^ 1 ^*)4 i 7i "fc. jLftj La jJ^J . a il 11 L^L.^! ^ 

4Ja_i_uI^ ^ • ■■ Jl^^ ^ ^ 4 ,i_i~i_L.li 11 yi.\\ 

•f' 


kLLajJI (_^-aj ^j-o 4_^JL:^ Ij^L^ 4jJL£.Li-u^j Otiilli A 


^_yj3 4_jSLjL-tUl lJjJj ^^L_c. T • * 0 (j_.,jL« (j-“JJ g-i fl ir lj^Loj JL^j 

4LiJLl^ jlju ( 1 >^La La-^a . j^j..jJJL3 1 jL^ IjjL^ _ i_4_)lj^1 

4_3e—«-ajVl jjJa ijI-^La ^_ya <l J‘i *> ^ Lj^L_i. 4__^lj^ *"^^3 

^I^LjC. ^j--a I^jSLaj gLa-lc 4j ^13 4 ,<» a ^ ! 1 j. 4,^LxJ 1 

^ * * V ^ 4.^£ Jl^ Ij^^Licij 4 .jSLi»uJI oLjL^IUI 

^ ^ S j< . .^.tl (jt (lr^^L>>L^1 fjja 4-C.^,.,A-.':y.^ JL^I 

l^^jj 4a^^C_j .*ii_Tt ^ j-._i. I 4 -c,j^^JX1 L)^L .^1 ^L^JuI^ 

1^1^ (^1 - Ocular stem cell 4 _^jL:^l 

La^C-jjJ _ JI^n J-Jjjtill 4 _jSLj-JuJI i^l "W JL3 

.L->^ a 4 ^j[^JJLI lj^L.^Ji ^aJi\.a.a ^1 ^li aD 4_jSLu4^1 

Cj^La-) L^I La^ >a ^jt. ■■!! 4-a^LjalJt ^Lo^JLl 4^ioJLll 

^ L>^ i<-\U a ^U*iU 4 _^LLxa a ^ 'i ^ 

Li^L^I ^ ^ 4j^i^Jl <1 ^-lJI LajIj^ 1 j£Laj - 4 j 1 1 i11 

V"!l ^1 4^j|^^jJLi 4 i. ^ 4 j-r.»X ^.n 4,j 

,3^ 4 jlr OxjL^ Ll I a j L-» 4 j 4 L^Jij-iwjJ 1 A ilr^ t4jLj:^jJ I 

aj^jJu ajuj-j t_^jJI ^3jt_j_*_«j 4 jj ^H ^-4^! ^ 

.oImiH 4.>JLi-cd (J^AJtJ 

Corneal 4_ijj^ 4 -^jl:v 4£,tj(j 1 ■ T1 Y * * T ^Lxli 

t 7 <" u~ 1,411j LM—' jgojL^t .a ,> 4 ^ y A 4 a:^i 4 _^j -3 stem cell 
4 t ^ Lj^L^ i^jji 4 Aj L-ti ^ .U (. 7 ^^ <4.uoL^ i-tl -.. r.... A j i~ t i 


j> J- 





























^jaaJI j3j a \ I«*i j X..«» v^i i X «i^i i 


L^j cr^ (jr^l cjI a lU 1' jjuk ^ .Totipotent stem cells iLaL^ 

Juu ^ ^ .cJlilll d^lx.1 1-4^ . t ^ ■ -a . .aM _ cJlIj 

5j->j ij^ LiJJj 

l2 4 i5j-jji^ 4 j f Jl 'V L^ (j^LoVl ^ji 4 ^ j ^ 11J 

Iris pigment Si^jL'a-U ^^ 1 1 ^jt^t^ti ^^....ti Li^-L^ ^LiLJi ^t * 

Ij>Lx Spheres ^] (>s J>-fc-u epithelial (IPE) 

4 ■ ^ ■ .".tl Ll^'L^ 4 . . ..1 !t 1 4 tx . i.lj t LAj^JLj > 4 I .", 4 i xj 

Ij t i^A JUU ^ J '» n ^ t I I 11 ^-J-^-alll ' La ' 4 .^ ^ ^ ~ I 1 

LjSl^l LMjaj 

Hair follicle stem cell 5j_*_AJl ^1>^ 4_^ j-^1 4..^LkJI ^ Uj 

4~ I i n 4 llj j_;,-C:3j-li jjja j__i_-a__^ 1 (_yl£- 

i^^jb Lfcj .4 ^.,a^^^j^I 4 j «j .. ^ • 11 L^L^I ^ ^ L^ij_^.>o j 1 ^ ^ 

^ j 1^ ill (^jL^LaJ Jloju 4 j Mr (_^] Jj),>Vi 

^1 I u t LLa 2ijJUli ^>4^9 

^ Sheraz Daya Llj jlc>^ ^ >eie 

(j-A 1 O^JLJjl tjj^ SjL-Stlil 4^,mi J.4 ^SAX\ 

i^jja jl 4 > II rt 1 4_aJlj Ja-a^ l/'^ *^-i-a-Jl 

4 ^J LtAA "W ^44] tL^L_u 4 A^ ‘^^^1 1 ^ ...a\ 4 _AJjJaJl i^jLcJLi^I ^ .4J (.- 4 .J^ 

CjJlj l—A 4_ijjJaJl tfjLA ^l.'^ 4__j_uij ,jl 4j-^J jJL^tJ La4^ _ a jjjJl 

■- T L7^ 1—^ 1—^1 iS^ *■ * — Y * jJj^J ^ ^ 4 . d I>> A i X 

(Jjuaj ~>- ^IjlII 1 J 4 ‘ ~'' d T LT^! ^1 ~< 

.dJLAOXdJ aJjOi 4 jL .. 4.^iX>^^ l3j~^ LT^l 
^^^Ij-aI ^^Li-al 4 _^Jl:^ 1 4_ii_>Jl ^IjiitlL-uV ^LtJl jjialjjCu-wVl Ij-A ij-oj 
jx.1jJl LjjkJ ^LxJI illII I—aj-iVi iu t ^1 .4 ...a C^\£ (_yUl 

. I AaX jL^iJI 4 it4.t] ^J t V 'i b>j 



jVl 
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4 1_lJL^^ 

t^<.t-u ^ ^ • ••\ ‘ . I ■.. U 

^ 1 t - L ■. u I ^ y^ j * '*" ^ ^ ^ 1 

fl_9_c.aj3 3j_JLLi_« 4.^i_^l j^j J. iITi-Jl I n j1 iji 

l<(^_j<t i,nj ^ ^_^jJl» jt "'** J .* ^jij_^ 

tSi i ->ji ol^ll 4 j<i h )yi (Jaju 

j-X^t oL^-bb 

*4ai>Jl <J"t:^J cjr^ 

L-^Lo-jljj Ij^^L^u ULLU ^ ji-^U A 

La t L^-j-d cjLl^.^Ji 

(^jJI ^L^l jll^'^1^ ^ 11 ^~ij 

jjL_c 4 ) 4* ■^ ‘ “j 

^ jJIj 1 1 Jut 4 _jl^jJ1i ^ ^ ^ 4jLloI 

4_jI^iiJl^ ^ L-^—^ ^ ‘ r ^ •*- wJ^-d ^ ■ tL A. *v ' 

t-jh"i CjI^^ t II (jr^J 4-4^^ iMl.1 

^JLOLJ JLt-Oi J^l 141 ^ 

^^jjJI LiiUjf L^l^j t-i till L^ic, 

C4-?e LOJ i d (M—* ^ vZ^^i JU LlUo 


■.. La ^ 'f ^ Ai.C- i 11 A ,1 -L11II 

_iJl j —j_ c. .~. f IW!i_uil 

Lri fl " t ** ij' fcjjj ^ ‘ 

i ^ I 0 c ^ 

''^^j' >“ U' “i ' 

wdf^l 



S?- 
















Ajr 


1 j‘cr-^ L4--a tjjJ Ij^^JLjI^ .4_:^L>Jl ^j-u-al 

3ljL.«JLI l_^j_^jL_Juj ^c^JjtJ ji ^ ^^-a ijj' ^ *"' * t".fLt L 4 -A 

L^I^Ij J J .>>tl I dj! ^.1! kL)jL>^ ! jU» 

L)^ dJuJui J_yj| LAj-^ ^jLl^ UJ^ 

3j.UA lLt ..Li^>L3Ji |jl 

Jjuoi ;^J-C. JjVl Jjua—ill LLjIj I .(jiJ-jjJl tlryiij j_La ^LS[l!lj J.U 3'tVI 

^ * JLj>ijI d l->j ■,. i 4ujtj-Jl Li^L^Jl jjl ‘ 


Cj'^j . jL>uVl 1 jla LftpLdj (j 1 (j-'^ 

L^ljj ^ ^ ^ ‘ “-J 1 -^ ^ u 1 jJlj>oI i«.L3_JI 4-3jLd d 3 nil jj'-^j *“" ^ jg ■ ■■ -^* 

J^Loj^JlI ^L-odJ^L) i^xLi^l d-UJtd 

LjM^JI d.V^ d . d.jJa£^lj ^j^a_j|->Jt (4_^jV) d ^... CjjL^ llib 

M >H clju dllju 4 j 11 4 iL^jtj ^ M 3 n c;H'jJ 

i^jji jLkAO^VI 4j 1 jJL> 4 jrt u (^jlII ^l.i.HiiAtVl i|^Lu4du^L! ^.Xd^—ujJI 
,JeXtlj ^^l.i„udjl ^c-dLj^^ dJjijJLl ^*i.i.iuJ dji JL^ 1 ^! 

LLsLJttj jJSl jLi ^jlj (_j-dLi-u^l L^ t ‘-^ji dj. 1 ..>y\\ L^LiJl j^SLI 

dll..."fc^ lIILLa ^1 ^Jb .d_u3j^^lj jj :qj -wH > 

1 L^idC^ jj .?0 L^'L^ LiJlJLA ^1 t 4 " -^a JjV 'd ...rt I C^jJI (J^ ilJjAJ 

Ij^L^ ^ “‘^ . 1*1 itfadi^O 4 J i i "W ill -5^^^ L>^ >-iiJ3 OJLdtJ 

• i^/CLflji U" a (^1 ^ J U 3 MJ L^iLiJl d L>.L^ -^J-^ lJ^ 

Oncogenes i^jj oUa ^ L^j o_i -v y-- 3;-i 4 fl d ** U* 

I JlA 1 1—i^^,><Ji ■ ■' ^ 1 1 i! >It d 

Ldj » 0-dL3JI Laj iL^_>-jL^^ LuL^t ^L>-jI ^' d>^ ^jVI 

^JlA 3jJad-i-uJl Jlj^^ d ■ ^ ^'1 ^ 4 t^~!l dji JL-u . LjjL-dj^ Ljjjl^k. Cj^Jl.>u 
^ -" ■ ■■" i L^ljj 1 ^ »ld dduL^ ^"*1 ^-^3 t djl^li J cjLdLi.u_3jVI 

j^ljj Tumor suppressor genes ^jiu ^v /\ 3 '. M l 4 _rtjL£Ji oUj-sJLj 

^^1 Lbjj^ djjjLC. ^L_udj 1 t"tWlA g. ol>>jij L^Ldj Cjldl d-iL^JI ,jl j^Vl 
- L^LLok ^^-dL) - ^ j-3j L^Ld I jla^i_>J 1 3^ jU-^ dil^j,...^ 4 _l 1>. ^jg'* **"* (jl 

1 Apopoptosis ^IT! jUtijVL Ldlj |*L..5iVl ^ Lsl 























IjljI ^lli£Ll lIJLu^ kj^ ^ .,. .Tl aJ^ ^iaJ \jJt Jji ^ 

4_iiiJl (J-i-lj lijljL-^Vl JJ-)^ ^ (^jL_iJl Lj-C.J i jJ 

Lj^^l CjLijj>Jt ^ n -"" 4 -l^L^ lIjLu^ 4.uJl^Jl j. t^j..." 

jmi (J ^ I .11 1 ^ t 'flj . j—Q-IJ^ 4 J iVU (jLiJLJI (Jllaj 

BCL-2ji TJ .(j^ .Lj j Neu Ras o-^bj _* cijlij 

L^Ijlx^ 4_jJj^ 1 <a I L^ 4 _j-a^jJI l1jLu.>JI ' '*‘J' J ^ 

CjLL.j^ 1 JJLA (J”4X. ^ i^~t 5 j1 (>><i klil ij ^ ^Luj 4jL'r I I.) <111 ^ L>.1 Jua 

RB1 ^ ^ ^j (^LLa^^_-4.*iU ^ ^ a c .-"♦t ^ ■' ■ ■ -.I ‘ 11 A j Ati 

^jUa^ i.iiU l£Ll 1 djLjjutil tjiiLij_>JI E-cadhcnn j 

‘ ■* > (ji-Ls^ itiH (jl JUJ .4_A>J1 

P 3jj i^dTl t JjJu>iJ_^ ^ V I (_,ic c\ (J^ 

jUaj—L^J 4__^1£LJ1 cjI i_i T^tij S ^ TP53 oVk^ cj mj ij^ 

4.ai^l ^Lua^I JujL.%JiJij^ iL^^Lkju-^l «LIjI L^l 1 3iJ^ 

(_yA L^J^ I ^U 'ifj «^l,.,<,*t.2,.iVl uH® 4aj-*_a 4i>.j-^ Jli^ 

4_^^.ISi.U, I a. 4j ^,i »*ij (J^ ;jl JL^Lij JUtj Vj 4j>Lol^-« 

Cj^ y ^ 3 *4.^iaJl ^Luu_^Vl C^idl . 4J^ ^Lu.m- •>< 11 clil ij ~»> 
4£Li^ (J 4 til I ^ *j OV Cj o!—^ .i ^ .al ... A A t_3L^l 4_%^l£Lll 

^ ^ ^ 11 4 _1 1-^11 j_ui_3l I^jjl l^ju 1 ^ a iCL-4lj_i^J 

<4^L!iIl 4 JuJlII t 4 I 4 4jljL^{ L7^ 1 —3^:r 4 ^j Jojl (J 4 aj 

5 >l i^LLA l^jdl t^J 4 ^>J! lLLIj d a 1 5 ~. a kJl) i J i fl*! I * J 1“ 4 > 

(_^ (4JjjJL1 (jyS 4 j alj—iwi 4 r 1 C*jJLl>-I jJh jj-a 

4^i^ 1^ C. [ U>" . ..! 1_^JL4-J 4JjJl!LL) 1_A d al-. i a j ■ ■■ 

_ 1 ^ ^jl _ ^Vi ^a-Aj * L^i4 03J^5 ^ (jnj"ffl'ill Ja^j 

SJ^jJlII (J-J 4jjJLil (JS^ d .q. j olj 4 g -w jJ^L*ij_4 <^ljL_>-j ^j 

L^ljjl dJJ 1 ^ 'Tf dJJ 5jl J ^j'Lx"a“ t j_u£J1 .U 'l .2^\\ 

'^^L... 4 j| Jl^Ij Ijl VI jJ^^Lj 4 J ^ 4 -“J Vj iL^JLjL^ d .v-k a^ 

<.ll!j ^^4 irf-^J 1 4 1 Aj 34 jlc (J^L.ui—4 4^L^1 jI d^ljJ 

dJ—^d jj< a da ^ . ■■ i ^ '■ g J ^' dJL^ l^ I iiLq 


J> J- 




























fl "ill ' <j j-jL-jtJ ~t fl"i 11 oLL^) ^ C\. jJ^lj 

jJl t II 4^1 dilljl ^_yJ^ 5jl J > nil Jui^ (jt tij-p tjj .4 JjJlII 

.^MtJ ^1 4 t i 4 - 4jlj3 ^^a.1 . CjLL^^ 

.^njLuaJI I JUb ^“3^ 1 Aj . Laj a ,^ I ^ aI lx t I 4_uJlII l^L^^u-d 

■ cLiSi^! i4^-ijJL4J 4_^Ltijyi lZjIjI^ til 


t(J.a.*Jl ^LL>^_i_iJJ 4-3e-)l£ltl <IjLLi.>JI ,«—) 

k 1 — 4 ] Ul L-^ Ljt • 4jLj9 ^ ^tVI d\.^\j A d . i-^tl ljL_ijj 

.4_tL>JI ^J^ ^_i 41'^ It t^~ \ j^^Vl cL^JU t *1 I n<tJJ 

»l ftitll tfl 4^ 1 .1 L^ (3*^ 34 ^ Iju^ ^ ^ICil clI 

LaI \ Jtjjic,^ . J-AJU <LLi^l cliLlj.>J J ' * 13*^^ l^J.U.>Jl 

J 0 r“ n ^I Laij tj^L-aiJl IjlA 4^*\ imJ^ ^\ 4*idWI ^j£, L-o^^u «Ul>Ji ^jl 

CjjJLL i-3j-aj (LaUj I 5 ,1 i:U c 4 a\ a r 4 U 1 nl^ i JuVl [_^l CiSLuiJj 

aj Wt,?\ a AjIskJI 4jj LjasJj (^jJl ApOptOSiS ^1 j-aj^I 

41^.**JL 1 t jls (iXLJjlj ljub 

OXi^ Cj LaJlIc ^ ,g 4 . 2 u..aj>J 1 

SjjJl 1 A 4 . 4 JIJC-A V MjLS i-jJl (jl fciJJj 'T i(jjJjL>Jl 

. 4 XaI^ ^ LeJuu (J.9JI 


MiMjf telUl ^Ib^IbjJI 

Lj^L^I 4 4i^4 ^jJLX ^jx LlJ JljV 4^tf'.. I'^n 4 jJ^JI 4 i^4 1 —djju 

jj I ^jL^I Lli 1 tCu (_y~i -•>■ j ...iH ■ .^A (jr^^ 4.4x..j_iiaJ I 4 ._^JLj>J1 

4.ax.j_A->J1 4.xx_iSLlt LuajI .A j_ilU>j. 4 .j^Jl_>J 1 L)^^LjiJ1 

.4^Lxa>>l 4 jLaj^ ^ ^ 

jLLaj 4 _jx-4-*jI 1 JlA . Ij^-LiJi ^jx Lj, V j 41 4 j,\~^ (JSU 

|j.^ij^ , 4 j AI \ 3jLj Mill 4 >j 4_«.uaj ajluxJIn Sjl_i..Ji 

L-u^^-5j (j3^ 4 _JLx-j^^ 4jljjI 5jLj_j_ijJI 

(jr^ L.>i)^! Cr^ CJ>1 L>^J (j^ J^! 

LT^ 3jL_i_4^1 4 _l.j__a_>> ^ ^^ kij_^jL->J1 ^j-SLxx 4j1 
























i • “ I 4liLL>> ^Jju:aJLI L-aIj l Lt-fl ^^jLLsLi JqI j" 

^L>- 3jLj_i-uJt jljL^ ^jJI j^Jj-LajKoJl 4^4-uj 

L-dl 1 _o—:^! rrj IjL^j . <1_ lm _3j 

. JlLa LaLjoj ■ < ^ t~ ^ , 1 my 1 _i J 

Cjlj_^ j (j-A (j_j^Ljj (^jJl c_alj_IaVI \ <n ^La -^ill jl 4 
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ljuft (j1 jj . Lla^ < M t i (_T^ I 

II 4.^^LjiJI (JL<4J Ij^L^I aJJt >-iUjJ (j^«-9 Li-I J Ml t a 

^jlUj . ..tt L^t 4JJ jL.4_>Jt^ i I ■" ^.^1A 4 A'^ 

d 1 • “< A. A \ \ \[,.. ^i c-ijLjJ^ d ii->^ ,..i I ^ -^11 Lj^i^l 

d I I • A J 4-)J.s-d 


'4^1 >JI 6)U Mimiiii] 2»jUI 

IjLVjJLj 1 j jj-^ ur^ c-klaJI 4 jW n i~i "i i h d &1 dl r g < 
I^L^ ^L) Lcukcniis ^jJt ijUsj—a A ,^a ^ > j ... ^j_d 3 

^ t3jL_4_J%_4 t". U. A -WJ L_^_AJ a V -^11 IjtLt^'L^ 


Lt^L^ l^yi 4j Lj4^ ^LIs-sJI (Jir^ tj-*-^ t lS3^ ^ dJJj JULJ 3 jl^ 


^Uo^ «.LIj CjjLcI (j^I t4_^jL.>JI ljtLM->> I CJ JL._LC I ^ (4^LL3 j_i_u 

^_4 Ij^ (j-A 4 ^ g*. Jlj>J 1 <L_lL>J I Ljo jJ-ju^-dJ I J -q- ^ ^ (Ih^ ij • >1 

aJi J^jj. \ 11 L f I t-N^ ^ ^cJo^J 4 1 • I 4 . al C A 

LdLa-l 4_4—iJ-i-u t_“_LiL^ 3jL_i_i_uJ1 t ^ t 4 ^ ^ i -^tl ^1 J ‘ ■“■ * (_ LSe-1 

• ^ Uo^^.>J 1 4^ J 
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1 Jl^j <^L1oj— 1-uJl 4 J £, J^j^l L^iL-iKil "i ( ^j1 HI 1 ^j^ ^j£Lxx J-A 

^ ^^-iJaJjl 4 JlxL£^ ^jJ| t A^ t^1^ tL^ix 4d“i I lH 

4^L^j..lJ 1 <La£. jLjfcfc.!I 4_^1.9jt t A I . ..1 ^_^£L! So-dj ^^^j.j-u\ Cj^x^J ^^xxJ 1 

4_j-d_i-d.XiJI J^LxVl V ■ ■■ i.Zj-i.u-jJ 4-^L^^ 

4_>.jj . 4_dix>JLI ^‘“ ^ 4j%_i_ujI 1 4a£.J lj>JI 4^iicU 

4_al>Jl ^Li-aj (jj LJLi^ ‘(^J>^^ (jr^! 4j^lj_C. ^_y^l t <“'V'j » j^U ^^Lxll 

^Ut" . ..i 1 ia^^ a I ^ i-^!l a t\^Tl (..iUj ' ■ »■ * a i <i. ..Ti a^ !i 

iSj^ ^i t->" . ..\ _ Ju.u.>jl ^ . ...iU t rt) 1 Al 


















^i I ^ ^ U a \ Jai d.>*llj cLLLi-Vl 4 j 1 ^ (j' 

^L-u-iilJI ^Li-itjuVl 4-^1^ L^L-^t. 4 I tjj".. ..1 ^1 - 4 ... ^t LullVI ^^LiJI 

La 4K Mill ^ 4^jjj.:^l LiV-^l jl ^LLaj-i-uJl 

JUjj ^Ij La jJL-i^aJlLd idLj.>Jl L 7 ^ 4-^LL3^ iiJI 4 j ^ JL->J1 |:kVI 4^-Ltl 

. ^ ^ V ^jji \ ^o-i-u^l '1^ ^VVl 



^ ^^J U a jM 4 ji\ 



J ^ ^LmUsIA i^lot 





fcjjJ 

LiUa mI ^ 




Lj^i^ ~ LjM^ t_uLd 4-fc^^LjOI ( ^^) l)^ 

6ji > in 4 UM3iJl d,LLA ij^ . ^ - .ajuyo V 

4 ^1 c.',1 ><Tt <Li l^TI ^Tt rt~* ^ \ ^ S t4-jJLlo^Mi tt 4 ^^.'l-'kJI 4 ,fc.L^tI 






qUiV’^ ll 


'Ts.nmshtht.i 1 ^ j 1 ■ n it^t 11 ^Ti^jlH ^^J^L.4.^1 Iju^ 

Li^'L.^I 4 ^Lrt /1 " st 4_^L^4 _uJ 1 Duke ulI^j 

L^ljj I A ‘., j LcLo-t L^Lu^ ^j_ujju ^ 4_ijLL2rj^j^i 4 ^_c.jl>JI 

4.jJlx. «.Lij 4^^ ^ ^ 4l^^ ■kII 4 g ..ilII f^jja Ltj-j-^ ^ j<a 

Cjj^J «Cjj^ g*t^ 4^1-La^ t nit 03^ L>^ 

(jj-^ L^L^j i L>k^ 03^ 4^L^j.u^I 4-i^,lj>J1 

^ (_^L_uJl jJSLiItJl Qja 4^1j aj^ 4X.JJWJ 


^ksii 4^1 UUl^t ^*11^1 UMI jJI S^ 

i^^^jlII djuLi-uVI Jl^^ ^Lgli^Vi ^gi^ ‘ ■' 4 t% \ I aJJt 

jakj^l jLui jH 3 j 1 t.ii nil ‘ * t : t"-** »-lt ^«_i_ul ijL^J iljjjjjb CjLjL^L>. 

4^j 4.dJ^^.I^ 03^ U^ JuV 41 j^Ijl> 3 ^ J^«tK ^1 ^ j ■ ■■ ■ tK 1 A \-^j-A i^L 


Cj^ .,* L7^ .uiiill L^jLpi i^ «u i3t 4 - 2 j^JaJ 1 (_7-Lc. c.*. liu j (_^£LJ i 4 j glr. 

f g ^ Sell S (Jub )j^^\ Mi 4,i,^-»-) 4^j^ii*i < 

^^■aTJl (J^ ^Lx^LvVI ^4^1 CjIai^I 

Jl 2-9 ISjISLbI AjI ( 4 .j^Ljm 

4„4£^^ 4 a\~ -^ ^ I ^ 'Xt 4^L^g_!L>>VI 4 ^l_L-v.a 4^1^ 

I gL-)^lT>w l^ta (3 flVl Cj->1^ 

t^_ijoL>Jlj ^_^_Liam j4 ^g.*^ t^^LuJi 4^ j"j a 4^j^Jo 4j (Jj-i-« 

L^LJuj l^JLIa 3^ Ij V -^j j-aLx. ^^LJl t 

4^^£L3 Lg4 t4_^.LjJ^Jl 4_j%_cu-jVl uJI (J/LJ I_‘ “JL^^ -sj 

4^j«g-3e^ LA-^J .(^;A_i_>Jl Li^^LJc-i 4 i ■ ^". Lj^'Li* Q^ ^^' cj-iIiJ 

4 7- I ii >Vl ^jl J-AJ icdJjJ 1 ^ j. H 4" 4 __.t^\ Q ^.^1 jj^ (_^L!iJl lJlua^I 
■ ^ •"" >“ lLLII^ Julj ^ t 4 j£Li^ 4 _ii_ii:^ I ^ il^l 1 (^j) -^n 1 cJlj L^ 4 _tJLJI 

4_iSLaaJ 1 )> '"■ ‘ 'I ' 3^-1^^ '^ 1 Q ^ ^ ^ 4^1\ X 1_L^j 1 LjL^^^_i_u ■ I^“■ T 

LU.^ 1 jufc Embryonal rest ji 4^.^:-^ !l 

L)L^_iil 4 _^jl»J1 4 ^ 1 1 ^ 11 4^^jl4 ‘ 

L^l (^yij i"tr, (jr^ 3 kJ 1 L^^i jEiul 4^itji>Jl 

4_^i^JI 3^ ^ ^\_J1 ... iU 4 ^ c Jj>. 



















I'dkoliJ I 


jl 4_j.jui_L>Jl jiJl Cj^ ^ J * J 4-^Jl.>J| 

Ij^rL^ 4 .^jLuj^ 1 L^'L^I uilj"< Mi~ t^jLLsj iiilL L^J 

J)j^ j ^yilc. ^JJju L^ 3^3 * ^ ^ ^^— 1^'^3 (_JLI u^j ^LIo^^^_i-uJ 1 

iJLoLaVl ‘ . ^ JlII ^1 . ..tW ^\~Lja LL! t -1 ^ 'J * 1—^ Jal_uj1 

Jlc Teratocarcinomas jUa j-l^ U^ *Wilm's >4i9 

3j^L^U 4 _jujJj>JL^ . 4_^^jl>J1 Ij^L.»JI 1 ^XqISLII 3jjl.2JI 

i^\ ^^L.4_iJI ^‘^ ‘ ‘ “^ ‘> ^ 4_kjj c1ijl>>I^^ 1j| 3jj—^1 L^-tji] — 'jl>- 

Lijl JL^j Jj-u i*l. ti4t Lljb 0-^3 

<_jjLLaj^ >JI 4 Jl^^I J_t_^ ^Lj fji ■ ■• * 

4 1^ ir~ill L^-LiJI jl i4 i/^ i^ V*U ^^ ■ n ill ,_yJj JjLq_jj 

^ Cy^3 *i3^ ^ ^^3^3 J cjI j L^t *La ^^.i.n \ 

^^'l—jJI LaI,—A ■.i.*ii 4 _^ c^-^3 ^>J J J JjVl J, i. 11 

Retinoid Differentiation therapy ^jL^L 

OJ«ai3j! JkJl ((l^n l1<jI^ 1 jK A 3 . ^ j JMiU IJLA lijJUbj aCid 

4 J 1 11 dll (jjo LaLoj 4 

ajS^ La Llj •<«iUj 4^Ui ul-^ 1 4-^Ue3^^.j.^I 4.^£.JL>Jl 

Ldj ‘tjLL->j^x.Tlj\ ^«^Vl L^j- ‘‘•‘~ •“* {^•^i jLuiAJI ■ '^" ^LaIL>>Vi ^Lc. 

^jlJa iL^L^ 4 . I -^H 4._il_>Jl (_3 j>-^ tjUo^ mil 

i-d^' iJ^Ljuaj ^Jjjl JjaLji^ i3^J ^JL^ 4^1^ CjL-oIjjJI 

-xJL> 4^XJL^dl 4jl9di * La 



















^1 Jjj 1 t f ^ I _4 lJ( ^4 V LJj 

14^j.2e_i.i^I 1 t ij ^1 Q^J |j~ * 

LaLc. ^ V * fri S lit l^ljj 4 4 4 4^ 4 UjI, it.u.^j ojL^ 

^A-1 („U t n^^Hi LLli:! ^>AJ I ji.,4lft 4 

« «• 

S<.^Llll (^>4aju j (JioLqJIJI 

. i ~ _* * ■ * ■»tit .13*4 ijj 

. i '* si . ■■ “wt t 4 0-4—4-4^ Cl «.II ^ 1^] 

L-^_^ljj lJUJ_(LJI I_^jl . J.>al^—c. 

^^^J^-a I_'O i^jlj_>JI 

^l—1—i-i-uJIj . L^tj ^ .* *j ‘ ^ ^ j 

^]^SLI t^jll II (J^-^ l"l (^1 ^jlrt '»" > 

S4^ljJi L ..!t I A iC 

_ 4 I U^—i 0 ^“^^ ■ I 

LlJ •(JjVI '^ ^ ^' 

4 .^ ^1 54 \1 

. L^t j LjjLi-ii^t ^ 4 J 
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3 
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tC 

% 




4^^^_1_9JI ^ j 1 ^11 ^_^4i) 
j_yk: SjjL^ 

II ‘ 


^>11 


















LLqJl_Sj 1 LuL^j^m -w _ Jj-3 Ljj—jILI 1 ti ^ _ 1 IntnUJ 

t /^a.i ... S >V1 t -fl Li^L->Jl t "" ^1 LLa 4i.d_^ CjJL-Scj 

j '\^‘ ‘ *'j ^ « ;.UtS ^ ^ Ml 0 V i nr 1 I ^ Jn • i 

^t ^ <*j Ijuk^ .lIjIjJLI CjLI^ ^1 Ml 5 iVl 


-.t «■ 





‘ ^ • « 


_d-lij JlI^JI Lj^^LjX jJjL-JC-l ^JlJI ll—usul lZjI^^I 

4-3c_l^1j OjI^ 4 ^ji li dtl 4^jLL^1 4^flj d>Jl 1 j 4>La 

ljj_jai_C. 1-JU31 :*_£.» 4 ji^tl (jl 4Jol t u 11 


4_^L^1J3 ilIU j ^ J I, M » I <' I aIlj V 


4 ' *■ 


. L^l^ 3-^ ^ 

^Jl.^1 (JIiL^La-^- I J^~ fi (jT^ 4.j^^ V j Mill 4 _j_La 1 *- To 

lj_ljj J ^.Ll^ij J A Mi diLi-LA-C: t \ n t^JU 7^ii_9 

i ^ ^^Lvj 1 L^,i t A 4-i-::w^jj jMl dtl cJuL^jJI 

jJt_p ^Lua-^Vlj 4 ^ lu'iVl t, 4j^i^ JiSj Cy^ (J^l 4 *i J 1 iI 

^yA I *.>1 < > AjMjU^ ,„UAA1 t J^JL4 t ^ l^.xAtJ tlAS^LjoilA 4.2uuiLIx« 

La t ^A~i ^1 ,iAJ 5,'i^d._-^ .>^i 4 j^jJI 4_^jV 1 ijL^j 1 

<1 ^j_AJlJI jil^t \^ Oj[^i I ^ M «"l L^ 

djLdjtj djL^l^j ^jlII ^Ldj^i ^L^lII Lo.^ 4j^^jJI 

. ^ ^ ^ I •. • wl_i_ii—>J 1 f. i ^ 1 I j . 4, j i I 4 

CjLjLa Julj ‘"'•^L_.^^ L~. I •*■ w.j t-." 1 Lj^L^M) Ci^lj i ^ ^ ^.. 1 

JjijL^ (jULjlII dll j Jl^? i ^ ^ J ^CJU . i t I i Ml 11 (j' JLj^^ CjLaI ill a'jVI 

\Ai E. Blackburn Greider .C jojIj^ 

j! fi tiatl ^ 1 1 ■ ^ J • t 1 ^ \\ CjIjL^ L)^ 1 a Ml*! 

jjja (^I _ «Ljj)) ^j-A ^LJu ^ a J^LiiJI ^ In li j Telomeres ^ _ aj^L “dl 

^ n « “j j frLij L>^ ;Jjj 1 liUj it A jj _ 4 ^} j j i i i jl£.Ij-aJI 

Lr'-^JjVlj 4ii_uJl djl^i-jo^l « ^ i » j_yijjuaJl iTEP 1 « ) i ^ 4j"i)) 

^l_Jl ^AJ^yi (_^-ALiJl j-^Vl t4 j 1'^ (J^ (.^ 

^JLI jjbj tTelomerase y^ j a^Lj jl ^_^t ^ i^H 4 ^ 4jJaJl 4 jUrSU 

cLLi 4.A-^L>tJ y£. ■ ■■ ^ iVt ^1 f, 4 jl'^ll 5j-l A A «:L^ ^ If * ln4L^J 

A t il .^"4 tj.^a 11 L A* I JU (J-iu (^jJI t j-^3 L*'! I 



































63^3,^^ I ijdl jd \ glicg 


ctJjL=u V .Cj^^ ^ . .. A tVI LaLc-i 4.JJ3J1 t A S~ 

)j Jj_:^j ^ * j_"i1! L^J tj-^ ^ 4 j L^'LiJl (_y3 


-^—uL_4-«d] ^ 


^^1 La-4 4 L^l-S L^j VI _a-d V_4 Lc. j. 

(TV* .rTt) - 





^ Telomeres I jl—SL^ ^iuj3^ (^^) J^ 


tj? Howard Cooke ^ ;..^.-4<n^Ai ^UJi ^ jy>\jLi L^juu 

4 jl-^H fJjunj Ijbjuuj I 4 J-^!i I ^^kfl ^Jii 4U f^y3 j-^j)lj~II (J 3 J 0 

1j| 4ji ijlIja jkit (jjj .ojJLIj 4^^ 4.^ Cy^_$ j^Lui^VI ‘ ^1 

^jlj ic^Lqj 4j 1-^J| ^ g C, j '^4 ^1 0j.a£- j Jiis 4 j-4J)1 mII j-la3j (j-^J 

tO^viV 4 i 1-^li j ^ ^ (Jd^ (^1 ^ (jLla . ^ ^ 4 ((JUo 

1.3^^ L .>t“tl j_^jj .4 ^^ I .Wt j] LjjJI a.i ... sM t 4di iPolymerase 

^IjU tJLjJ ^ '"t -I '4 .4-^i^dl ... S il 4 _iL4_C, I 4 Ijl^Ij 

jL^j IjiLi_u-5j5LI 4ijL3 5j^£uJLI ^ ^ 1 lij iij» i_3j_>.| tjl (**1^44lj>v '^ll 
j| (J£T^ V t^ljL^I (. 7 ^ JujL>Jl 4*U^» ill 1^^^ ■ 

- IJ^ ^Lui^VI 4j' ^ *4 IjJ iLjjJt 4 ^ 51 jLua^! lIsIj^I 4^^ CjJjWJ L^l 

■L. ^ 4 ^jLjJlII C^LjSL]| ' L^dl aJJb JUU 










^JlA i^jja ^(jl _ ljj__i^l t — 4_^i^iJl ^ j j ^ ^ < <i rt n 3j_<o t**). i 

oLqL-i-4l2jVI J ‘"^^2 0 5 

i2yi rt" “ir" JJlc. ^LoIjlII .3 j_>^‘<H g 3juJuJl 

^ (3^J J->>l^ 

i^VT ^ t_d^T V (ju -ti * ‘-^ ^ ' j^o! 

^ j? • ■ ‘^ ^ ^!^t1 ^... "^rij ^j 11 <—I— 

tL>t J^tl 5j*l^ I ^ j~ * Lai I ua >i jJi£^Vl JlL^I ^ *i 4^ 11 g jif 
^-o^l^l j_jJI 1 jjj l5jjj^l (jja Lai < ii3 <1 1 

Ij^Lsbj 4_jjL^ 1 ^ aL.. stt 3^^!i£J j^ 1 ^ ^(^;^jlj-uJl L^L^ 

^i ijS _>-u-^l _ 4 {J-4—a-llj <U a i>> 

1 > i j^ tA . ^ I j t A ^i i~i1 1 d 1 1\^ ^ _y -^ _ y 11~1 1 1 A^ l -w- I j 11vN*i I 1 

. 4.%jjJI LiUj liy^ j? ) li i.^~r> jt 5ui^ti 1 ^LouVI 

aLj CjLIo^ '»,,j Ml ^11 i!»1 ai!j 

(„7^1 ^ ■■^ ...tf 4JLd IjL^ La ij^JxjiJI 

CjIj Ijlj Ju^ «<—jL-^l Cj^»a ^^.a.ll^ CjI li .rnli 

iO.Aj ^ (^,i,.i„,i^l fj^ (jf\j (,^^1 L^L>J1 ^! ^ !^L!i-A ^1 LUj i^L^! 

t Ll^ lt^ ■■ «V Ju^LoJli S^Ll^I ^4.u,aJL (^^L' (J'-•**'*■"'■■ C-fcj^ 

t A- jl * ^^ A il Ojufc A IL 

^L‘ * ^ t-"-iL^l ... 3M JJUl) I a i1 Ca3j ^} cliljLl] 

.(j'iJLja ^ U.UJ 

j^JLj ;^! 4J (j-*i^ aj. \ jl j_aj1j_jJI Jjla tjf (jJj (J^a LI L-jjfci 

JJ-^ ^ (J^ IM > 4.-A^1 4-^jV ji'Ii 

3jL^I ^_7-L. 4-al>Jl 3^JLd ^ jL^ L^l cTI i** (,^^1 4^ijjr^-^i ^ 

ii^jj*.? 4_5jj-laj (^SJj a~!I Ml 3 t JiJjLso 

LiajI 1 j* c>^ 11 ‘LS A fijuus^ jl ^ A all lj3~^ J-3^ 

lj| .^S~ ^^t,i i 4ij^laJ1 olju-AjLl]) lLLIj 3juLb La^ ‘“'I 

(>» j'j La^ ', "^1/ Jjc-ftjj 4 4.LV| i_al3 CjI ij ciJLjk 

cJiIj L^Li^ j^j^‘^11 ittAjVl iij u^^_L.u 

...VI A jL r* 4 jI U^Ji^JlI) (j-A^ . ) uJlj ^ U 4 .1 gjVl 


^V1 


J> li 

















v-^ii 


_ ^ a 1 t->tl ^ _L.u_^Vtj jJj '■*■ " > NlctHbolism (_^yiajVl 

i3jLuo 4-^L^Jt dJub i4-^L^ . L^Ju^^^ll 


MJ h 


pL^ ct^I ^ "j ^ j ^ i^^'3 r^dicnls 3^ 3 .jyJI 

IjJlJI (^J SljjJl « Ljj)) \ rtil < <1 Iiij j__i^Vl pj_ :^1 ^jf VJ ttlr'-^e_ lm. ■^b 

djJL^ ^jj L^j t4.ji.3Ji jijL.>> cJiij Lu^l u.i.i_L.u^ ' ^JJ J 1* 


Cj^j^ jjj3^ _ i ^ - L44i <a <aL>Jl jijL:^ (-djjj lJlIj 

^j.djjJ) ^ clil ^J 1 fl > Ij} 4jl y > 4 ji><!l 

LiUjj j ^ ^ y ...\Si\ cJJjJI L^A3^ -1 3 4 t3^^-.>Jl 

t4.^i^Jl j ^ ^ 4 .J 4 . 4 II ^^Jb j ^ ^ (jji ^ j ^ ^ 

l-Jl..,! LS Ubji ^ 

^I^L>-Lj j (rn c.dVT 4..*_I MM uJLljk _Ji I li 4j 

(jjaj.^ 4-3^ J -V lull (ji (_5i£- ^ t^jl «M*yi (_yjS 

Loj ^1 i i S*! tj (,^i 4ial III ilL 

l4^3L^l ^1 4 3j3JLi 4j 45>Lli cliliji'w ^1 

J J - ^ iji^J OrjjK JjUuiJi j! .j-i.i J-ai-a JL3-i! 

(jr^ Vj (_^L>JI C*3jJI ^J^ L>^ ^ J •'J ‘ .X.J 

_ ^4 •^i (JJQ Jajjfcjt ^j.4 4 LoLi!w ^ U. iU ^Jjjt 

^1 t liS i 3 U 3 'Ljal^ LjacjoU^ ^j .^0 4 jiT t -^n 3 ^^LjjJ1 . Jl^^LjJLj 

Ij 3 ^ 3^11 cjjI£^ i jjj t^ in 3ri V - — ^-li L3L3i> niT) Vj . jjl^jJIj 

1j_^ ii 4__af_l ^ ^4 JdJ jJl L^L3Jl^ LT^J i^aII 4 4 c jJll 

VI V t4j.^ V LrJi 4^jJI jai V 

4-3.j Vj rttll ■ 4 ^ ..^ •!! 4 j.c.JL^JI 4 ^tjjijLj 

t3jL.>. jl JSJ ^Ut" i 4 j g,. ' jL -^! l ^ jl3 Ji ij] (jl . tJj J4i i j *C jIj 

L4)> _ CjLo ^ - 4.^^3- j t~uli ‘4 

3jL£.] J^JL^ t«4 3n 3- 4 4u>X ta~X 33 ^ J.^lj Cj^J (jjotj.^ i 31“ V| 

Cin Jl3Jj »(^\ t t nilJ Li.j^i 3 jl>> (,^A£. 4.9b_4^ 

C-^Jl^-aJLl • Lijj^.3j J 1 ti '^■!i 4 y . ..’tl cLjJLJI 4 j 1 -wtl 4.jl3Ji 

(J^4-4j 4JiJLjJ 1 4^ ...'iVl 3ji^^.>-^i.l 4jJLiJI 4 jiT. 1 -^Tl LiVl^Ji 
ci]3L^-3.<-uVlj J^Tji]l 4 jlo ■! j*u 3 hII ^j.4 Jl^L^I 


‘ J> J- 


























’6k^.k^ II 


tj-q-jtJl J^ uM-^ - W:* lSJ“" 

i^jji i. a Oj 1_^ ^ ^tJiJL^I 4 _^_^JLj>«JI lLLIj l—tl^jl (J_4.JLJ L.4^ 

CjL_lLq_C. 3J>^J tZjLjLuisl jf <L_:*_J_JJ *\ y tn Wlj j) i^ *!1 L^LS- 

"wi I tl ^1 4_2 jL_i-uJI tt lJ~'~^ l>^ ' .4_i_j>. 

^ _ ^llLa Ij^^£LjLjJ t — La ^.ju^jlI cLaJLiJI ^-i-^JL^JI 

I (“ll Ij.A lit it 1 i^t "-^ |A... Alt I Aj I • A I A.J A t^ (“.111 > 

^I Lt^ . ■■ I ^ I ^ 11.11 f, I ju L 'I' I ^ j r- t“tl y C 4_j_dL^ 

•^1 

<=t ^l-^ti ^1 T * ' 0 |aL_*JI ~ _Ji i^^.L-:w 5 Lj:wI— all 

4_lL^ ^ j'~‘ ^ ^ ^ J’ * ^ <~i < 4-ji—Il—^i 4 j c,! 1^1 

4^jbLa 4^jjLi4j 4^IjjJ 4j r. Jl^ 4j1-v. ^jl 4-aj.L>Jlj ^ IjU-uJ^I 

3jLjjL>Jj i^jJI Ll^'L^ {jV •jJJjlJ .^JlU 4 AJtu.ll 4_^JL^I 4 ^I'Lll t -TT J 1*11! 1 

4_:^L^ ^ 1.1 -^ILk ^IAJLj (^^Lu-uI j? ^L) i^j (Jo^au JL^ j i 4 La^ a c 

4_^1^kJ 1 ^J■»—'yj La-xi 4_ua jj-L tiUi (J-^ L^ 'j * L—^jI—5j ^_yJJ dju J_A 

j- -Lt_itl-i L^Ua I jJ .^Ij jLa.uu.ul ^Ls. ^jlU 4 A.U 1 III 4^^,t -^11 

juuJSj .(j^jA^l L^j.d4£.j L^jLajj ^^^^1 CjLL^I ^] jJalllj 

t4_^Ju>JI L^L^l 4u^jjfc_uli ttilu^L^^usVl 4uLaLsbJ iV. CuUo 

tCj^LcL^ JljJu»o (Jlualj La 4 u_c,Jlj>JI L^Lj^I t- *J ^^■■ 4jLj.it_x.uiJl jLi 
^4^1jjj ^jJJ 4 AAl111 4u.^Jl>J 1 L^LLJI (j^ j^aJ^ll ^JLaAJl «.1 uj 1 4jl (JL^J 
4-A>J1 3 jJl.^j 4-^L^ 3 . 5 -^ LT^J iijLu^l 4^1 ^11 CjLaALJ.1 L^JL>.lj 

4_uijL 4JL1 ‘Ltj • .-Xtl CjVL^ Lxojuua-L ijajJl L^iLL i u-i~ (,^-1-C 4_i.c.J-:^l 
^1 ^jSLcj i^jLi] 4_Auklll 4 _^jlj>J 1 L^LLJI Loj .^jJl ^j^La! 

. d 11 .. 1 CjljjLaj 4l^ ^ -^ti 4 jl!LJ 1 4-^11'^ll L^LLJl ^j-C, iji-^ 

.iULLLIj (j^>llj ^Vl Cj^I^Luus l^JLa 4.LjitxuJl (^G LLa 

^ J|d ^ 

^L^ ' 5 jr'. ■ I 11 4 _j1LiJI 4L-j_st-Xu/ jl j-J-^ i4_^Lc. Lj^^uu I Lq.^ 

' j H 4j>-jituux ^^1 i~i) ^jJJ 4*1 Ml ill 4u^JLj^1 4 j 1 L 11 j 

(-ilLu^ ^1 ^L-a-Ltil Jj_2j . 4 !^ ■ t ... ^!l 4_Lj.^e_j_uu ^^1 LajjJlj (^^^1 


















4 j g At <jj^ .4_^JL_^I 4 ^i>Ji ^ -^j) t j ^ 

3jJ^ i4_j.g^SLJl CjljuJuit ^Jt ^ l^'wVlj 

11 ^ I M rt t Ju JLj^ lt^ ^ I iiia>V I 4 jl 1 LJ 1 4 ^^ J->J I 4 ,J^J 1 

cLiljl—i^^^ 4 -j 1 •> * li^jVl ^ ^Ic. i_ua-) 1^ i~lJ ^ d" J'^ ^ 

3j 1-^-^ ' (j I ^ 1' („y^ '*■“ (.7^^ 4-j :wjL^ I lIj J-l 


^jLlx. a^.jjJI ul^ iii.4^1—Juj t t,I jl^ Lt^'L^ 

^tj L^LLd oj? o!j Vj JL^ jl >.V1 (_J-A jj ^ JjL_i^j 

jt (jUs illJ 14" *( j. ^ ^t ^ (J^ L)' ^^3 t4-Aj <~i a 


* J^J-4^ L>^ 


CJUl 


L^i ^j_>.Vi (_yA 






j j ^ h! 1 4JbjL^ 4 ^^Jlj^I 4 ^IVit uIjJlsu 1 q ^ a 1m mi lLILI^ La^ 
I i rt til L^jt J-AJ cLaj) 11 1! 4 -^j" ij JJL>^ 

ciUjl] Ujiikt Ij1 ^ ^ 4 j i^L^ 4 jl^ ^1 4j i^L^ 

Jj3B-AJ ;_7^1 »lj uiVl ^>-^1 (JP^ t^jdJ 4^1, Mill! 4 j f ■ Jt:^ 1 l.j^L->Jl ^7-AJ 
cPJ* ^stress 4j(9^^.JuLI Jo^jLaiaJIj 11^.li^^^ju ^Jb ' ^ ^ «1 «Lajl^uaj 

4 ' - 1 ^ ...it JlJJL^O (^^ic 4_^Ju^l IjM->J1 (J-4 ^J^1S-"i 11 

^j-SLlI 4.j^J_^l cjLjj^LJLI (j-4 ju£)_A i. A l.i^ ij-A ^LxJl ^ ^ 

4 j f,'i b>L^l j.x c Ji I A < i Hematopoietic demand ^jJJ 

4 jL«U^ C t l J-jUJ I ^ d ~ *" (1>^ - 4 ^ ... ^ ^ 1 SwL) jL^>di 

(j 1 Vj . 4 J ^ i. ~^\I 4_jJ^d I OjI j^ J‘*T ^ ^ (I>^ JU-AJ 1 I ^_i_uJ-oJ 1 

(.iLJjj gtll k a"i11j ^LIj V 4-^JLjw Ij^I^ lLILLA ^jI (j^ till 

L^ ^^LIj 1 A ^ 4"j aUj j In ^11 CjL^T V L^V 

LaJ lV III '^!I Jbgj |AJ_Aj - ^ ^ 4 - t>lLlju '^11 

^ 4 A Sjt 4.^1^ i^jja 4^1 


II |0^ 4«^l ^ii^l b)Uil iij»j liii^ c^t I 

^gjualjJl (J^jJIj ^LUJI n^LjJl 1-4 jjn^r. 

^_^-A (.iUj V |»JlU 4 ^ t 4_a^jL»dl lj^t-J»Ji i^t ljJLAj-C.1 JLA^ 

Lilij i^jdl Ij^'l^ Lr^3 g.<JI 5 ^ja j '^4 ^Vjn.jJ| jJu^ll 

Jl^ . LojJ W " LaLus^I^ Li -w. I 

























^LhJi T • • 0 (Jj^? 0 Ly^ (j 11^r (jt 

LuJ *4 j£Lj;^Vi jjLhjt 4jt>aL^ Hartmut Geiger j-^iy 

i^jjA 4j 'y“‘* UL 1I iZj-ijJb Jl^ 4 j r. ■ t 11 4k^i^JI ^ 

t j" ja\ ^ 5tXat -^W ^ j ...tl ... SWtj ^ jj »JUJLM (_r^ 

‘ * LI ^ ^ i **' *J ^ ^ ^ ^ ^ •>^ A A^ K L_a^ ^ d 

^L_L-_liVI oL_J- 4—c. tj-c. ^LUI cJil^l Replicative impairment _j 

^ ^ 1 -^tl i ***-^I ^‘ ^ ^ t^l *» t ' ■* 4 jx*. Jljv cy^ uiXi 

^luj - 4 .a^Jl^kJ! di^L-iJajtJl i4j^-aJLI 4-^.„Lj>J 1 l^JlII 4.Lufcllt 

l^LaJLj -^ ^ ^^ 4_al^JL 4^^^1 cJuLIajJI * ^hU Ijub 

»1 4*y~'i ^ d^TJJ Lo^ 4^aia_pl i 

^j^ Ljj_^J 4^j V j ill ^ 4JixpjJLl 4^j) V j 1*111 

4_lL^^ 1^^-uijjLi ^JlU 3 t A it t ^ 1 '^tl 4 JI -L JI Iji^LIl^I (^~i -vL-^t (jLd 

LjjLiA (jl jjwl^j tL^jl'yuTJi udJj Cx^j * 4:L^,.V.a-tLlI 

^_yja Y • ^j fjfitt urt.ll 4jLLJaj (^^1 ijl_3Jl Y » t iin ^.^Ic. 

4^jie^JJt <ULft£. ^oJckL «4Ji.A ^tjjJt ■oL-iyt 

i^ jl ^LL>> n .^i I - 4-_^-g i_^fl L^. jkJI 

(JS[ iLI LjJI 4-^j^Vl 1— fl jl lIjI jKj, j.ill 

J^i^jjl j^Vl j.aU ilAUI i^j^l 4-J^t V J 

4 jl-Lli 4^^ie_j_tL OVJ LuJI UL!)^JL>^ 

^JlU i-^Tt A ^t-^n J 0^^ (4j^Jj>«Jt 

L^ 3 A A J ^ji ^LaIaJ 4 jl-^G Jjt iJ-A J»li 

4^J) 'V J *"tllj tj\jl t<nll (jU tjufc ^ ^ A C.y ij) 4 f J *(.,>^^-*-^1 tjr^^ 

i^jJl ^-^Vt j^jJt *«i Lo^ iduu^Ji^cljo ^o^jJ 4£.L11I 

jl c. 4^jJJ 4 *1 Mli U 4 J c -I -^Jl 4 ji^Il 

3 V A \ n 4 ^fei.u*VI ^oJbl Jlju *4 jf LiJLi B L^L:^ <*iL i>^ 

jL*-yj01 4^mij 

oj J L^ ^_j_J*jJ ^--iSvJi I 4 J g. _L.:01 4 jt-^t I (_)-A : jjV1 1 j. *.uJIj 

L^_La 3 j. J",^ f \ J ", t (jub t 3 ^ J “■ J )S4^^Ju-uJI 


4 j-L^. ^ I 4 J ij.i>. 3 ^dT Jl^ 4 *• ^ ^ 4 jif. Jl '^11 4 I 4 


‘ J> J- 





























j J-A ^LULij SFetal stem cell Cy^ s y 

4 j.l i«^ n 4 ^^JtJL-Jl 4 .^_c.Jl^ 1 I ,j,i iu\ j. 4 r. 

^ ^ 11 I ^ aI t ^ ~ , ..I 1 c ^ a * < • ij ^ ^ ^ ^ ' 

4__j-L>J 1 ^jl J^_5 j ^jl jU“i iiiij 

- J—SC-J—llJ I J_p3 ^ ij-^ ‘ ^ “it I 

. "hU L^. ij a 


Jj i ILj <~i a 4j cfUjj 


^1 >t ^ atiiiyi( iImm^I 

^LlLa^ tSjL^ cr^ J ^ 4^j_3e_j-4lJI LIa i atj 

^ 4 j ij i -^tl 4 j f ■lU'^i -‘^!l Uiaj <—_>-» 

4 ..V ^ r 1 lUj JlL^I 4 \^ ,^u a I ^ ^ » «4-j, 1 \‘)^ 

L>L^1 OpL:^ 4-a-il^l UM-^1 4 _i t \ jj), ty • 11 ^j.<,M,ll u i 1 n 11 j 
(j^ . »l-itfU-iT. Vl 4,,i Aj I-vSLaj ' ^ J *' » * 7“ ^ ^ 4-jjC.JL.:^1 

oJJjj . \ ^ ~ ,y, Aj^ BjLj:.] Jlju i4Mmk\ 11 ,1H ^ ^aoJ lLUI) 

Sj-La-S ^L-i^] ijJ^ 0^ O^ 4^. i-l-x 4-1 JL-^Lj ^jU 

I_^I^Jljj 4 J l^tl Sl^JJl ,1 ^aj t^a-Jl (JJJ Cj^J 4J-a g.l 

4 *TI aJ-Jb ^j^-* ^ * L^ljj ^j-a ^ ^ ■ ■■■ A 4 _Aj. a a. 5 '^jj * 

'* "'^ 4jJs ^JuiJLl t". . ',". ...M «UjJj.^JLIj ^JUiXl 

LLaj (, 7 ^^ Ij^ '^11 _Mi c L^Ijlj 1 la It^ ^_j_i.aj ^*i ~v- 

Blastocyst 4—«.j^L j ijUj ^i-ix. ^n ■ ■■'* (,^^1 iL^jl-c. 

^jJ-^1 4_L1£J) Lj^I _^ j-A JljJL-%_!1!Lj 1 51 Ij (Llib 1 J ^ ^' *"■ 

^ ^ LLj^I JuaJ ^ d-‘c-djji 4-ajL.^l ^ j\^l itl 

r. .;- i^IL. M.VI Ji. 214^1 .4-LiiJI L>L^ jL_^u 

*4 j M I'^tl 4 J f Jlj^I Ij^ -^n ^ ^ A (4—uu^JL-a 4^j 1^ a “< m I 

«, / MpLua ■ ■■ J Ij^L^Jl ^Jl^ Jj-90 ‘~-j "*- . 41 t-i 11J Lr^J 

I I J Laj i ^ ■^‘*1 A ^ jlL^ L) I 4,1^ L^ Cj L:kJ La-aJj 

i 4 f/a I-V ~ a 0-1 4Jl)Ij 3-L>^!^ 4 Iri* < n i IjkSL^j • J jIjlC.1 

4.) oSLuuol ^ 5 .^ ^ ^~11 Ll^t-^J) ^1^1 L7^ ^J 

:i^ 




































II ^Ij*) ^ giUI mMI 4mJ^I |tlA^I 

i i-^tl f^jja 4j c. jL.-^tl ^jl (_>^« i iSj^ 

<Lj^Jl^J1 i^jja (JoJi^I ^_y^ - J.4-^1 ^^Li-ut 

'"*''jj^ ^^^^ciiil^ - 4 jlILl!1 

—JuXLj ^■■v-g' 4 1—-1r^ ^ t L (_j^l '^Ti jj rt II 


LajIj L^Ijj L?e-dLj^ ^^n~4 1 Lj^L^ t L^V 1 Antigenicity 4 . 4 ^mi 

^ ^ ^ Lj^'L^Ji f^jjA \jJt 4_Lja ;^jJI g j < <1 flT 

Jjt t ^ .a . ^ ^ -^ ~ A \ ^ tj ^ ^ j.-*-tl 

^illj ^j.4 jj ^^iJlj ^Ll.u^VI ^j.4 4a^jL>JI 

(j-A-i-^Jt 4 _j^Jl-^I 1 4^ t4JLlL^I 4 jr. I 4*11 

•x^j (L^ jL^ Apoptotic ci 3 ^ 4 iJ L^^Ljj^ > ^ 11*1 4 i 

4 jLlx ^-11 1^ ^ j'i"~ Homing ajt^^jLli 4 u^jJI 4 ^u^l^ c.*.p 

(^3-5 ^jA} 4 *i M.lU 4 „j c j jhI I (_yj9 ^g-l-4-^ (j Iih■’v! (j_$^ ^jlU 

jaji.4_3jI ^1 l..,4.^ .^iL^I 1-^4^ 

11 LM-^I l.^.Ic ^L^l (jp^-lselJ ^ 

4JL^ ‘t! l_i\l4>.U ^'1 J^Iol ^^l^jij Lo jJbj (4 jkJL^I 

. frLL^JtJlj LlaLtiilt 

* Li^ L^JJl^ ^ JljV 4 4 ^A (_^ i l jl Jjl ^ultj ijt ij^ JjV 

JljV 4^4**^ CT^J (_jj3 CjL^jJ (jr^ 

«Ll^I ljub t4-L4 ^~aj ^ ^jJl OjJli^ ciUj •^jAoj f^'’‘ •*- ^ ^J ^J 

4^jfc—>.<u 1 Ju Jl.>«j a j 1 ^ ■ 4 ] i ... -^tt ^jja a 1 I ^ L\ 

. Ut I ^ nj (AjVI 4.j4jIj a 4" «"w.. j! 4-^J..>Jl Li^'L^L) ^ 

ilj^L_>Jl ^j-a JjJll Jut^y^a tfiij ^L-j-JtJ ^ i.X «JI t '1 . ■“. 

^JSLiiij ^-L c .-iI 4 jL^JI fj1 (ji t->~ ... > jj'*-j4 Ijj .4jlj jL->. ^L^itJI 

i^jji i nii ^ 4-j>.jjr j ili!! ^| ..."t ^JSLuij ^ 

. LaLu jt ^ . .."i ^ 

t^, 1 Ml '^u L^L.^1 Ijj 3jj_:wjJl1 4_' ; e-^j—J1 ^1 ^Juu ^1 JuVj 

IjjJI JLIw Xaj 11 f II > 4 j^j t-j iIiTI 4jl 4 11 4 i<^L^I 

^ t ^JLA i4al.>J1 L^oB ^« u rt Ti Ojji (J^ 






















ja'i glicg 4ijr ^-all 6.aliUI 


LbLjj V ^ 'y 

^ j ‘“-^t ^ V L^Ij ■ ■■ ^ >Vl ^ j ^ ^ 4;Lijl 

<1)^ <Jjj <mU ^4jj-)yi^ *c.^^ Cy* ^ t 1-4^ i4^jLi^1 

- t^<ji v >iti i>Ll^^^-£. \ iTclomcr^sc j 3 -^ (-fJJI^ 

«*•< i “v t4 VII 4_^ljjJl ^jlJLt f- x^^*! fLijt J£Liij 

(cJL£,Lua^j 4.aL»^ ^ 4 St> . ^ 11 4 ^ ^^."i A-iLo-A-) 

^jx. ^L^l ijuk cJ.5^ j—< tjul (J^ V (JL^ ijpj “ ■ 


4j |«j^yi 1 jLft 


^ ^ * L^ii t ^j f 1 >Ji jlL^ 1 jUL • |Ju^_4 j' Jj5 JIJ_<-JI 

^>.“1 L>UJI j-t-u-3^ ^j) tj^li (j! (J>-^J i-iJJli '^. i I ii^tl 

Vj L^L^JI I ^ j 4 V i4j^l£jiJ1 ^\ *l J I y < -^ 11 L^'l_>Jj 


Ijub ^ ljj)^r \ -Vj f"i 4ji 1 4 ^ ULifu L^ Ljjdl 

jJ 4jV tdJjj *<-jLJV| jjj Vj 1 4 J AJ V JLaj tj-4J [j-a 4 -»SL>*j (jU 14 

1^ j'4 ^ . t i d, i„'i aj^ 4jl<>i Lilli Ij^L^I UjJI uLtjL>- 

4jf J-4iJ >.L4^.< U .1 ' ■ * ...lij «^l_4Vl ^^1 4j)l^ V ^ ^ ‘ ^JlJoj l_4 

uiUju IIjIj (jI LaI . (2>^ JJl^ JLaj ,j^j...ai.i.^m 

J^L^ Ljj J^L^ Lr^ 4JlLa.l^ 4 XoL^ ^Lu;^I j^^J ^j 

1 n-^ll Ij^L^ (jf (^1 t4JLL.uJK 4 4 X 0^0 4Xal^ ^L_ujJ 

; 4 j «iii) I ^ t 

^Li_uj _ 
4X>jibj^ ^Luuj^ . 

^ j ^« 4j£^IaJI 4 j I CjLAjLHil (JLiAIJI J^J^ d . ^ a\ |jjJ| 

^ ” “ 

(—djju 4 ^jIj 4 4f IXLa <jj^^_X44^ l^*tLi ii*w LUj^ CjjJLIj Jj^^J 

(Jii'> J ^! _V ^ o' oj-^ tl)-^ LlL>.Ij 

l4l]l ... jlLl^ (J^LXi^ j_A_iIij^ 

4_jL^_c l1L>JLI j\j t J “«II (jL^ L-4J 4 r.j 

~“ ^J jl t1jjlX> LjJjI 1jp9 .^Lv Ij^ j' *"j (4 ^jJu..uJI 

OHr^ ^ Cy^ J:!-^ U* '^! Llii^, I—Q-_fl J A c Jj-Lo Ijjjl ul (J-2—^ 

^^^AJ ^ J «J 4 ajLn^I 4^ S 1 ^ 4 ... ^*1 ‘iiSjlLyyj^ 

^ 'J • '* 14 JUr> liILla jljV jl.J ljub 0 


















Ijubj 1 Lojlj ^LaLc j i '»j ^uui-y^ll L^L^JI 

vijiij 'v «:.< ...j ^jJi Genetic imprinting ^1j^JI ^jJI 

j^Jlj (jt *. ‘TJJ * ^'‘'^* 1^1^ clil ij-v (J» I~|J LftijJ 

^Ojj-iVl Ijl^ ^ J ...''wti £jlU^ ...tl Lj^L_>. ij\j 4ji_u-ZlJl 

M (jyj daj^Lj \^^2j Vj (jrti>^LJI 

„||*I„1 he ‘ ^ t tfa4J \ / n ^ << J III 

J.^1 <ldjjm JU^J S ^ C^li..lJl.ll I^Sl,4,ii^l Jl^ 
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^ j > ■■■ rr 

4-^j) g '» <8 tfjl A.a «L^Vl 
■ t 4 t ^ LJ i trij^)-J I Leeds j Jt jJ ^ 

slj—<oV (j-ia L>^ ij-lSL*^ 

V 1 I>\ t } —a (^t tjj, 

t>SJ .Oocytes ol <^j^—jJ 






J U (J^ Sjuj-r^l LM-iJi tfJuA JUu 

tjiJ 

»Ukrt 4 ^4t^ I f .J aJ^!I ^ <.^)..l >. Laj 

*<U I__9cdJ _jlj^t ^ a{\^ 1 !i 

i.ln CoJ ^A^ tZ*'^o3 

L^L_su 4—L^l—? nJI ‘-"it W L-iinjl il)-^ 

Jil ij j| _ iA all jj^ '» t Ti SljJLl _J I a 

^ ^ J ^ ^1 Lj^t_^JLj u _3 t ^ t! 

1 ^ y ^ * ;J .4 L Jl^jW 4__jI uJ) 

J 

.Reprogrammed ^ ^ jj jL-*-j ^_^_Jilj^l 

SjLc,} 4 i ^ n" 4 jl4 c (-dJSJt 

•%. jj) ye ^jrf^-V Mil plj^U I It 



I i-^fl ■ - • *4 11 ijj\ ^ 1^ 1 

u 1 _Lj_L:^1 
























Jji-AJljj i<^i I Mi!ij ^ . .^ tt 4 

_111 5 MI 4j i^J tH 1 _J^L^I a'i a j 1 A \ _4 ^^ .1“\[ .>>jj.tl 

LM-J^ ^>0 Autologus) t ^ S..L J mJI _fl J__A u-i Cjj 

L.^j£li^ Allogeneic ^ ^ j ■ ^ ^ ^^ j * ^ ^ 'j * ^ 

4_j_c.j_(If 41^ 11)t JL^Jl ^ 1^ ■ ■■^' j Ll^j 

.cjVUJI ^ Lj!vUJ1 


(*) 


I 


r;i^l JUiUb |iM cU« 

Johnson Bagley,^,iji_^ uj "-'j r jj " ^ j-Aj Y • • i 

<U.d4-i-*Ji *“ 4 1 4 4 iJjLdjLib ^ ^ ■ h 4_2 jj^j 

L^i[ ^LJ L ^ M tl . A ^1 L^~ eiJLi-^ (j| ^ ^ ^ ^ " "V h 4_aj1^ 

4^J ^ Ml rt t1 J ‘ ^ ji 4 J III 4.u£.Jljw (* H~i 4 ^ 

^ Ovarian follicles o>L«aj^-pJI jujl.^J ^^ILH L>LkJI 

^ 4 l«j' 4„,u^.AJL—4 ^L.^ «jLib 4«iJL-J1 (_^Vl 

(_;,Jj|-j4 1 j LjJ^j>. Juu .lU 4 Jlj:^ Lj^-L^ tjj^LjJl 

CUjIj JJLC. JJ^ (j1 4j^^^ JLLo p ' •_* -^tiq . J 

^Lijl J^ — 4^1 4 <«4 ^ ^^ ' t>® 

i^j-C. (2;i_tJLl IjLJb t 4 nj SjV^l J_ a-ij i|»Vl (4-^j i j i -^11 ^j^Li~i !i 

(J^ li ■ LIc.J MjuI oLoiaJJ-^) Vj J ,^1 \ I 

0^ J ^^ ^ ^^*1 •>> ^ 3ju^Ij 

4j_^ ^ n 3jjjJi LajlIc 4 LA* A ^j-LM *-^^3 L^-^^Llji 

4^jJ^ j-^ ^^' ljUb ^ ljLac-4 

^ij VJ 1 S ^ ^LjlJ 

^ J i 11 i!I ^ 1^ ‘ ■■ 4 _i 4^4 J c JL^ cL.jJ_^ Jl-:^^ ^I L^ I . L-^-j^^ 

«.." ^Ovarian surface epithelium (OSE) 4!! c^jl 

JU JLl:^! 1ju^_d 4 j^j-mll _L:JL.:^ 3 jLc.V 4_4jMJ1 Cj Jl ^Lli} 

.{W J^l) Li^ 


•• .-S\ 




.Embryonic germ stem cell (*) 



























IOaaII 


Cjr3.nu]os3. ^isLx-d 4_ijji ..“jM 


3 ^ \ * 





JdLj 


j 


^ OjS^ jLLa I4J AjiiiAiMj 

^jjt ^1i*u jtwL> i-lii 

4j t ^r OJLM 


L 4 J I n itl Jl^ Cr^ ^ ^ 3-^3 0^ 

Ljj^! t(3lci-UI (^yJj ^j^Vl ^Jt - IjI L^Li- f^jji 4 JJ 

(J.4.^0 V 3jl^.j_uJ1 ^1 lj^.^j ...tlj 4_^JL^JI ^ jJjua_aJI 

cJlIj Spiirc j~i ■^\ l ig" ■_! s J^! iS3~^ 

^jljLLal t, Iil'u Lq. k if. . I obii^yi 


^jj jl (L^Lu *^~ 3jl j <M n (j^ t^LijjVl Sjl J, iuJI oljLlaj 

Ifj" Mrt"w <L>iLi.ujQ jJj iJ^\j jLL^y iS3^ Lr^^ ^ 1 ^*11 j2"w 

4J.^^1 L Aj tjuji i^LLa (JLJ^ LI lZjIjLLdI 4_tjjt J.1_ftj 

" J 

^ ^ .^t i ^1 } jjlXLi Li^Lj t cjIx-Luj jUojj^Ij 

,3^-LO U. i l-mJ i JL:>>Ij jL^ J^-^1 0^ BjLj-uJI 4j>>l,<.n a 












V JLui^iJl JL^ . 5 ^ J ‘ CjIjI—L i£.V 4 j>.l.fcilU 

ju jLioljl L^Lj^ 3ji j Iii!L£^ ^ iliUj 4j 

LuaJ^^-d ljL.ui^ jjl£Ll ^ j ^ (.fUj i-tJL>- SJlC .1 auH 

(j < *1 ^ 1J L>^' Cy^ liS-^i Lft^ 4111 jjV ilLU j t I'yj Laj t \ “j d 

1 LojI J Ul5^ U^ 4 ■^'^j "fciVt lI>^ (3^a-lll t jd . 4 

r ^ j-d£ (j-A j^l>Jl 

4^jjt 5 JIJ ^ Ci i i jLjkjVi 

L^ ^*4i ij'4 4 dK < tr> 54 jJaljj »a i jj^ 4a£.JL.^I L^lieJJ |:kijLJl 
(jlSLdj jt| 4^L>dl , tie. L^l£La 1^1 _ I U34 

. 3jLi—uJl jl-^j - 4^i^i 03^ 3 <A dJi ((^^^-jij» J ^ ^ . LdLdJ JJ-sc-dj OjLj 

^ 3 ^ ^dlu IjJb 4^jjJ i^u-3b.ju^J1 L^lSLoj Cjl^j JL^ 4 i^^LJI 
.4 i^<A, t d 4 j 3 -j^ LSl^Kj d j! 4_>.lj_^ ^ 3 ^ 3 til ^J-d-C 

4_JL>dl ^ 3 ^ 3 X 1 lu^-u I Ld^ 4 tdJj <,, IJ 1 MII 3 

4j ‘ '■ * i fr T LdJb^iAd^ ‘^1 ' " * (3^ 4,^ ■L^li 

I 4*^3 *ljiL>Jl v,.,A,lrt£g *^ 3 ^ JM -^|3 4jLj.jud (_^j i.>i'» ^_y4JI L^Lidl 

j^ 3 j Ll4»3 - t~*V dij ■"tV * 

4J3 JJ 3 J dl ^ 3 .^ ^j| 3J^3 

j3^uJI .U-S d L-dJl (J3-^ 40I j>>^>3_jJI L^L-^ C^Ij Ji X c, 

^ ■■■ tjjgll \ ±^i\ cJJl Vj ^ »^^3 (3^^1JL1 LjJLsfcj ^ (jju^3 .d ij d 

4^ jL:k 3 J V iLM^I Cjlj 3 .dj^ (Jjd 0 . 3 ^ I y III -K L^ |ddirf^ 1 h-nH 

V! uu^eJ 3 JL >-13 

Bukovsky '4^^3 j <J-^ ^^O-^^Ldl c>^ 

^ ^Lua^^dl 3^Vl ^^^3 L^ jCi i 4 .^ 3 j^^^^ 

4 . 5 j ^3 (_yikiJ jj3JuiJ3Jv ^ji c^-^J 3 

4 j W-ill ^^~<\;3 oj ^3 jL»^ *33^ II a A i3J^^3 (^"i-» j!l 

!|<J1jlJL 1 4 Tr *^13 3 J ^3 4 dL^ 4^3J3 .j^I 4,^3 '^tl 4aL>d1 

(L-do-C ^ d l3l»in ‘K p-g " * 13 d,t A ^1 13"! jlIj ^d-L^ IiIlI 

4 _j-£.Jlj ^1 4 _d.^d 1 J3^3J ^3 ,‘ "‘ Clcll 4 _d.>Jl ^ (3 t df»33 























IOajUI OkoliJI 


SJljjij LJlD Cj\ n, Otl 4 

1 Aj 1 *^ A cIjL iJaj^-^I JuL_iJI 

CjLiiaj^l iji i^jJl (!>£. (j^L^l ^1 (_ 3 ^ ^ 

Lp^ljLZw "Uk i4_^\ltj jLlti-lj ^jLsfcjl J_i-(alj ^j^-i_aj^^ ( 1 >^ 

^ 4.ji.>J1 ^1 Jl^j^ t4jkJl—JI LT^ j 1U 

^ ^ Lx^ .^11^ >1i I**I rt "i "w 1 jl3 - l1)L_u3lj^-JI 

^UajLlt ^1 

4^jjj.j^l 4^\^tl Oo>j^ U"^ cliijj ■ U U V Aj 3^j u^aa a > I ^ mrti 

j^jJI jl^ 1 ^ lu 3 ii Cj-3il ^ i^L^i (j^j I oU t^jl ^Inll I n!i ^jji 

^3j-iil (J-uJ tiilj t*^U 4 JL^J IJ J^^ I \ t l"i ^1j-A tlJjJsLt^J 

4J-Lfiaj^.:>JI Oj-Sij g-tAillj Ji—iiijJI t^iSr ■ "t t ijLjl ^jJl JJ T 1 

jJiajjj L^LiJI LajjJJ ;jISLa^I ^ I, li3* cj^IjI L^l^ i<iJjVI 
4 jl-^Tl LaIuj .3Lj.>J1 ^juo ^^-'x-U Liitjjj (3>^ 

^jJaJu L 4 I 4 ^3 ij ^1 ^•_^..L-itl AjLb (3J)^jJ 1 ^ Ui.jej ^jJI 

jJtj t Jluu^Lj jaUeuJl i tl^4 t^jJlj 4* jiiii'ia 

4j! e^Lx^uJI Ijlaj (L^ Niche 4^jl^ 3K ^ 

^jji 4 -^jj^.j^l <Ui^J) f I A" ^I ^ ■ t \ ^Ijlj - ja .1 U«tl [ A. i 

.jJljl^JLI jJb ;j-^j (Jj i fl ij tj»Ltx*Jl 

jjb - ilpLSLIl 1.11 11 "w Laj _ j^jL>JLl jJ^ j 1 H l-sLojJVI I JlAj 

i4^juaj^^l t .^.iA (jj t u 1 jjw Jajw (^jJl 

4" -^p I jLc.j Lo-^ Luaji 4^uIUJI aJJt (_7-3j Jl!! 4j^ 4J 

JL>-J 'jj^ * ‘^' Iaj-Vi^a 4jg. i-w 4 A^ lLILL^ t V * * i |»Ia1I 

4^j^j.ll ^LljJ 4^1 a£. iHj ^ih«!l (Iru 

^ \1 a" . ..VI 1 X 1 jjj ^ 4 ^jjtJ Oj^ J£^ ^liiJl (jjo 

A^liJI Jl^G ^j! ^ i"i'>li i4j_u1jJJ1 

4 ^ ^ 1 ... 4 ^} <.ln < uj ^_yj9 L4ij..SbJ ^ t(j^J I a \ 1 ^jL^I^I ^cJo-iuJI 

4Xal-^ CjLuaj^ Lt^ jJ 4 1 ii^ gj JL^ i4'y i>>lj 

^JLdoil 4_3 uLj ^j^uLlII 4LC^^A c-JjuJI Luajlj 


■‘ J^^ J> J- 



















\all 


Kitai Kevin Eggan oLjLI jy^ iji-^Lx 

4—j_i.uJ-^1 _^1 eiJj—>«j 4J^ jJI t~. ■ i" ...U 

L^lj ^1 lEmbryoid bodies ^ ^ j ■ ■» ^L-u^Vl 

Y ^jlX o-jJILl^I 4 f*wVl jg j■ ■" ...^Vt ^LLsL LdLdj iU^L^I 

4_i_i_uLLa 4_dL.xl3] t^^L-i_u1 Y 

Ij^'L>> _ 4^jVl 4 j fayj 11 Lj^'L^d) Liiul Cj^Ln. - 4_j_uJ^dl 

CjLjIj) j ^ L7^ ^ - j ^n 4J 4j^^j 

lTj" ^^ eijjL>. 4 j <-.. LoU^ 4jl J^ iJjJiil tjjj 

- '■ (y\J^ (^1 i4..4aLui ^ A 4-lJ:>> 


Follicular aspirate ^ JMiuyi 

^Lj ^1 Heng BC j^ii^jJI 3 jL^ 4^^^1 3j^La1uj 4-t^Lv 

Immature 4■>, 4 cj^Luaj^-^JL Lu^ tUa inll 

L^l (_^lj .4_^jL^ L>Li. (_^j 0^! ‘-dJi^I ovarian follicles 

^J -^-■* JJ - ' JjjL-_:^ 3 jL_C. 1 Aj 1 3_A 

Lj.?d.l ^jSkiJ 4j!ie.ju3LiJI ^ 4J.i^u^.>JI Granulosa 

La ^ U *~ ... ^ ^ j aVI L7~~^ L)^L^ 

^ d T c^—^ 3 jJl^I l^jjjLj J 4 _^Jl:OI Ij^L.^1 JUu 

dlij ij, \ ^ iVi (iilj t<LaLc, 4^c., 1-^ L^Lj^ 3J)j-jl 1I Ic. j_^ljijJl 

. ' ^ 3^ i'll'*-. 4^JL^j Laj 


i-i I 4j ‘‘ 


iAlUl ^li^f ,>^ 41 U* (iImSaU f Uc 

^1 t-t“ ■ ■■ i 4 jI ■ “'•^■ I (J 1-^ Y * * "I ^ (jr^ 
j1 La 3jJi^ 3.U*« ^jjo I aAi,I' wl 4 -y <ij')l lIjJL^I ^^*-i l1>^ 

^ ^ '*~**L>/Iil ^1 ^1 lU ^ ‘ ‘^ (1^ ij—'^JLi 

.klUju 4 .l^L> oL^Ljua Juu 4juaJj-dl I c ^1 ^L^IL^I ■ ^ ".tl 

L^l ‘t 1 ^j I II1 4Jl 1LJ1 4jf .i'^ll ill 4.^1^ lILIj l^^J 

4JlILj 4.^Jl::^ Ij^L>> f^^Jt |Jj tdjIjjL^I 3j,t t~ a 4^L 4_^Jl^ 3 4 Ci t u jl 

I A ^jjQ L^L^ lL_^t ^j_A (jA^LjwLdl Aj Lq^ ^Totipotent <“tlj t 3tl 4 l^L^ 


■^\ 


j> 


























foSaJI 


Primary follicle4_JjVl 4i.^ ^ \ %] . . V ^^1 5j^_i__lJ1 

^ t ^ a 1 Vt t.n <Ml 4 .jmL1]I ' '** jl L^ ■>*j ■ 4 ^ 

■q ' lILI jjj . 4_ua.£^_JI f ' d d J 3 -^ J .' ~ ^ (. 7 ^ I ^"l . t~ .^1 

4-uaj^ L>^ W Cr^ 5 ij I III! jjk M < n 

5 J j i-u 1 4 ^'^ ^Jj) >JLi \ j 1 >.Sj 4_^Lsc-d C< ^ |j * ^ 

4-a^i t^U ^^' Cj^l£Li^1j JkAUl 4K in a 1 —kij.^1 

(jl CjIjJl^I 4Lal^ 4 ^^J'kJI ^1 1 JL>kj Lc^ .(.illjJ 

^...A’. c>-a£4' Degenerative diseases ^^Ij^Vl ^Lu 


ffil&dl 41 ^ ^ i^Ul SmiiAi 


t a ic.J ) . <t d 4 jl'a-> CjY • • "I jjLd (jJs^ 

4^^ jL-i^ll (4^L1V) ^*"j ^ 4jLdL:u ^L^Vt ^Ijj 


<_iL-LG LM-i^ Adult bone marrow stem cell f^U^\ iiJLJI 

4_^ju^l 4_d^Ji 4j d” LjO i^iiJLuil cdJjj iMale germ cells 4^j 
Ld ^1 4.jijjL^| 4 _._S..Ut 1 t ^<~ i L^J dJu^ 3 jJL^ 4jkJLJI 

4_JaJ1j 4 A. .A r. Tl LV ^n jj1 .^jJlUI 4 ^ i^i_ -V > jj 


Luk I 4->.ti 4*1 4 4 S ^l-ttl j Tt !x» n 


j_yij 4»jiJLJl 4 _^Jl:^I Lj^Ljdl (jl^Lol ^ 4jl^ 

(J^ (j^ 1-4^ ^^*j***- a-o-oio (^] Lj^'L^ 1• 11 


I^Ut 9)U 4j|^ bUftJb bM» f»f 

ty^J^i 11 Lee D, R jj-j_^JlJI ij^AJ 4_j_-ua—iJl ^j ■ ■■ ^ jj-a 

4^j L^Li. (.7^ LJu 4 ji^L:^ ill 4_2 j^j 

Male germ stem cell-like cells aJdLJl 4_^jL^I L^UJl 4 ■ ^n 

4jjJl.^ ^ o^a^j—A 4 j ^ 4 III 11 ^jja (GSC-LC) 

. .j .... 2 _ii 3 (^1 * Non-obstructive azoospermia oUlj—^ 

Ij^L^l |»jub djjL^t lLUj JUU - 4 j". J I IjljLujjl ^ 

^^^Ij i4j^J 4 j I tii^ ^LdilS \ iSj^ 4ju0L^ 4^1 Jl^ 4 \ 






























(jSLo Lx^ 5 l_ 




ji t~i ^Vi ^ ‘^-LJ.* Lr^! U"^ 


1 ^ " *! (Ih^ {J^LduJ 4 j^Ix cIjUIj) 

SjJLxIl ^ O^J 


Precursor cells l»iMI s)U j ifjjit UUaJt 

4ji>Jl - (Jj-ua^i ijji j i“ ^ 11 f.\ <^lf T • • 0 ^LlJI 

jl Ijjj-A LjIJxj Ld j* < ■" 4^jVl - 4jajj.>J1 <Lp.JL^<JI 

(ji^j^Ul 4-ua^^.^lj ^ >Ji >ili ^ I ii“i III 4 ^ Lo jJkJ » 4 ^2^ 

IrfT^ tJl J« j itrfcU Lft^ lli^ 4 jjX J M^fcli (Ji-lj ^_y^ fl t II 

Cy^ 4.JiJ^-uJI JljIj^I J.‘ 

j^LLsVl <JJ * jtr>~ I Iij V (jL>.jii (jAaJJ oil 1 J I nil (J-AAJ Jjl. '^1 (_^1 L^l I mVl 

^jSu lU gj cplpol^ ^j^4JI 4jlI iiLuJl ^j)jl 

. jli^1 jjj 4.I(a.p>JLI 3 *< jjll 4 ^Lu jt 3 JjL3 jIjx I «I iiiiii; 

Olj.Ja>Jlj CjljLiiJI ol, U.iX JjjB 4 ^lxXJ^l olj^ul (jl U^AJ JlJwJ Jl2lB 

^-i.Jii ^ I jj!J • A a 4jl.,Ati.l*) 

*S^^i.jjvVI L^JLx 1^^_4 t jl ^j4.j,r>>,H ^jj^S[rJ 4,i,t.j.jJaJI 

l^jjSukjLJ i^jJl J-xVl |alj (J^LuiJ ^ f ^Jl ...1 (^jjJ 

• j? ^ L i^j j! ^ l4^j.Ox JL^Ij-a 

4 A ^]\ (jx 4 iifk^^3-iJij 4 j •nII (^Ic. >i!l ijji (j\ 1 ■wL^I ^^^SLxj j-j 1 

H^rry Moore (J>^ Lx ^ij fi I 44 ^uL>JI 

4 jjjIjJ clUj Qjt 4 jI t?i 1 Tf't U 4 ^Ixi.lj * 1 ^ j'~ 4 a ^IS^t 

i^LguijV! ^ j j ■! I i II ^^yaLjiJl 

eiljjilllj t4^i\ 1 iiLuJl L^lifeU ^j 4^VI 

. 5 li 1^11 4_Li_i_ulj^| LM-^l-i L^^jlxxj 


It 4 i««Mf UMI ^ 4^\iii} UM^I ^ 

lL-^S 4 ^ 11 i^'j i.A d j ^ j ^ Lt^VL-a^ 

Ij^l_>Jl jj^ '*■11 ^jx l^^jSLx-i L-tiaj? I .d\ \ ... 'w!! Li^L-^l 

Ijji^Lij Oct-4 ^gjJI JxU l^jJtiuil oiJj Germ cells 4jlii.lnll 


j> J- 















(QAidl v^ll'^^l^ll 


JUiJ 4 fl iurtiji 4jiiit'^ll L^L^I i^-v ^jA 

(^^3 1“*" ^li ^ L^oUa jL ,.l n ^jj • ^»j UL ^1 4*‘n 

^1 L^"...1 4^1 Plains Scholcr ^ VI l ■ <1 .j'... >> 4 ul4L^ 

^ _il^ gL Jjl i j * ijL_^ ^ ^ 4_aX.JL->JI Li^'L^JI ^_yA 4—**■ * 

.^> r> ^ oj'ir * L^Lua^l 

Endometrium ^ jlt UUu ^ 4Ui^l 

Jlj^jj 4j-C.Jl^I 4 jl^Tl ^1 I iiVl i |jU Jn ttL 

Endometrium^^inj La j7 cjLal«uS\l (±<j'v 

^ ■ ■■ f^jS ciil^uL^l JSJ * ~~ C7^~^ - p ... ^ nj p •■■ 4 t 

>4^ (J^j (J^ Jl^^ djjutj (_^1 *(jikl-lJI jJI 

(3>" 1*^ t^Llj SjLcjj ^lllll L^^Ll^ Lo ^ (4jj-4jUI Sjjj-ll frl jjs^ ^ 

4_^Ju:^ ^j-cSu L^jj *4 1.1 5UI Ij^iSJl 4jjJ^ 45 U)a L^t 1 J_^-aJI 

^j 4 .u.^L3^ CmajumJJ fijjh Jl^_P 4jJlj 

Jj>> (jSLaj fCJ ij^J * 1 ;i *^1 L^ijj A-^lioua ^.1 IfilLj ijj^ itZiLijaj^ 

CjIjL.^-1I1j jLUj. C.7—^ ^-jLhII 4j A ' j L-iiaj7. 1 ^aJ 

. LAj^J 

irfM UU» ^ UtfUJI bilftil 4^ J^t 

i^4.5jLli ^^l^JLl 4 j iiii^II 

^yi 4^1jJ BjLoJ l^jJjuiluiJ ^ 1 ^ tt ,^1 S ‘^13' 

^-LL^ 4ji^ ^IZLo i^«.5jlI1 f^jA 4j^M£. (^jjl ^JLcuIW 

4ajlj4j^j 4^1 J^ - {j-4a^ V - BjUJLr^l 4jl^ll aJJt ^^^JJu ^ i4jiJlj 

^1 L^ ^ " ^1 I >i5 il 4 ._lL 4£ jJ ' 7* * 4 ^Lj^..^ lIjLjqJu^j 

jij-Is J-Aj 4-jl_j_ ^ ^j_4 \ i y (jJ^Vl (^EVI tjr^J ^]J^^ I Ti 1 jufc 


*4 jiji!i 4jr A'^M 4^iL^I jl^G^ i ij. xjl jbqj^ ^pLOj Bldstocyst 
frl^Itl! 4.5 j^^1^I 4Jl^j .4^1m>Li3 

CJJt ^1 jJi '>• LJ1 (1>^ *(1>-A4^df j\ 4_uajj^G ■" ^ i^j£. c^ijtjll qA 























^ ^ i 4 trf^L^ I <u 5!jj f^^j-au 


(^1 ^ it i Rcprogr3rnfnin^4j3tjaj^l 3 jLcL c^jju Lo (jii 

p ^jlJI j^hl\ .4 j 4 j f j ■'^31 4 jI^TIj L-« j^ i 4 

d^(J-^^-^ Cj«L>. 4-i_ui:>- 4 j_C.JL>> 4jJ^ '“■'*■ 

. ( ^ ^ 4_ua£^ jI «^ » (jy^JU 1 

^*1 ^ ^ 4 j 4 ^—^^3 ^ J * *^^3^—‘~^ 3 J~*' t—IM (33 ^^' ^-l A ^1 i-V j t 

*..' 4.dJ_^.^]1 ^«^JtJI ^^LlI l^Lo^VI ljUb ^1 

iJi-lj Lrtj cjLi-a-i-VI ^ <(J^jJi tl)^ ■! '*"3 ^' 3 ^^ tl)-* 5 (J**' * 

(^L>JI LlK (_y^j tj ^1 ~ -^i (_y^ i^i j\ ft ^3-^t 3 ' 

UP 

LjI Sj^IL^jJi (J^-^J 1 * uLUii (j0.al>JI j3 4 1 0 'i\j^\^ (J^J ciJlliib 


j| i L 3^Vl jl jj-U ^ 4Jlj^yi 4 jK ,11 (^y^nna Smajdor jjjU^ 

^„Lufc--»J 1 4.juaJ3J (jt ^AaJL^ 4Ja;,£;^1 

ijji 3^Vl ^«;3 3I ..Z 3I3II I ji^J i4»iLlLJI 

\jjti u3-^^-^^ (JLalsl 03^ u^ Lesbian «L.Mi]lj Gay ^JL^jJI 

^IjlitJLbul (^^Juw ^3 J oV^LwiJ 
3 I jjJ y a 03^ <J ^3 '^~* ‘“L LJjJj L^^LxI l >^3 **~dl 

)S(.^1^JI ^3^3C. Lu^- 4^ <33^ (1)^ L7^ p 

jl JUu ( 3 ^^^ <iill 4 JL:k 3J3 j^LJLlJ 3 -^VI IJLA *^ 3 -^ j‘»i4 I jJ 

.'1 jl jjjLAL>> Llljl^ (^y^l 4 j^q1jlJ 1 ^jILlI lju> I 3 rt^rt"ij 
jjSu Jl^ ^jJl i jl^j-jJI (_y^ L-atiitj3^VI jl (_^j 3^0-111 <"jnl* j! LlJ 
. frL l,4.j£L!I 3 ^•j .tillJ Lo-^J^^I jul3^ (J3^ Cji^LdlJVl ^Jub (J^ j>a (J3VI 


i t A i 





















90 




J I ^ ^ 4-C .i^ ^ <-f'k-Li<-> 

^ A? ^jlII ^t 3^3 '^ ' '*'_^ ^ * ‘ ‘-‘ ^-A t ^ (Ih^ 

% "ti ,It 5 ^ 1^")1 "»-Lufl ^ I“j clj ) L-dLo-t 

^Ijj i LtJ,r. jJu-o 3^3 * 

LiJLij)>^ L I a itiiij 

4jjjLLaAJl t ^^ ^^ I ^ j ^3 ‘ ^^ ^ 

4j ajJUM 4j r.<,Ln La 

^1 **" ■ J ^Ij ^ “ LSa { J^ ^ 

t Jij) S rt 1 i ‘ “J j 

i tfirt Vj ^LS^Ju 1 a ^j-4J I’l *1 ij ->• 

^ d ... A I <Li_lJ L-UJ^ . A AAA A1 ^ tf A I ^c- 

^juiUl Vj ^L 1 jllj Ijlj^ tiiijL^ 

La^ t t"t hV S rt“t V ijLl (Jj j~i ^ 

^jl ^JLC. (jJ—>■ (Jl_i-uJ (J-^J iijJLJtJ 1 A 

i JlI I ^g I ^ L ‘ ^ ‘“j ^ «- ^ ■ ■ » < 4.1 

J-^J^J V Laj^ 4JlJuI Jl^^t (Jjilik ^glnj 

.^UuiJl 


4J9I^kJ I ^i j •*■ ^I ■ “■ ■'~ ‘ ^ I) 


(I JScLa (j_ 5 J 










' 'j 1 4 K Ml A j * <~» I lLd‘4 41^ na ^1 

‘j • jjt 1 ^ A 4^J—^1 j A ^JlL^I 

^ j ^ d.ai^^K , ..t ^ " tl 

a rth4- A ci4jL ^^IjlII {Ju-Iaj i.9.^^^ (3^ JS . j * I nil a t u 

^^yJt Laj ij-±-^ (jL^ t j ' .iiJlj 1 A C. LaLaj 

^JL^] LLtc-L^jj .t . ■>>" ^ LajIj.^1 ^jJSLa ^jji t ^UlUI tl^ja > 

L^-S i4_d_i_a_>- ^ ^ . ->^t <^d>> JL^ . 4_t_a.j_^_ljI LajjJ 

' “jju iy^ J * uiiLuj ^l^Laj L-^ ^LjlLi.^1 ^jji J ^ J *—^3^ ^L^Vl 

Ll % M < II a 4JJl-^ (^J (1)^ Jl^ im La ^1 a \ t^!l jii*s jj, 1i 

<L^jlj ^L^iJI '*■ *^tl ^~.. ■* 1 jj ■ S tl ■».". ..VI jL^ 

(jl g j 4 \ 'k" frlj-_^.juaJl ^jl tJjJJ V J ^ 4 Jj j g aj SS^La 

«—U j I nt 1 \ ^ JIi^La I < f 1 ^ ii-> < 1^ <1-4 JLJjj ^1 ^ tVl 

I a ^ (J->JI ^L^j .(j^ljJI Ij^L>- (_y9 Joj j ^liJ jkjjLj-;^! jjVi Jl 1 (_,_ii»m 

tgLi-i^utl 4 i J *>■ * iuA f^^\j-A^\ JUJUtil ^^L*J (JjAjulaiJLI LojI^ * " 

L^t t4.^^ju^l 4_^i^1 a^.Arfau^Lj »lj-?>-—i<ia.H (^>IxJI ^LlUft 

I^IjVI ^y-A^ Lftjb^G ^ ^ l/^-t 1 a_^^. 1 -^ 1 1 a J I^11 t-^-.^-^t 

IjkJjLM La jf i4JiJL^I 4^'V-^fi 4aL^I l^i^Jj t\,jj^2j ^jVl 4_i.iia.^l 

^\j *Hair follicle stem cells 4 _^jl^ 1 a^. a-.ill juo-c j! ljI4 

cr^ 4 _^Jlj^I 4^L^I a... ftl ta .. ~i ajJLOjQ CjIjJl^ v 

^ Pluripolent cjIjjl^I L^L^I 4^ la * (_^j-c. 


‘’J 

(4_a^_a^ju1I L^L^I JuJloJI «Ua£.} j- * < «11 4jl1L^1 AjC,. i -^11 

4^ JLj^I LM-^l 1^ 3 J * ~*~* ^jjdil 4.0^ ^} aJUJjw Aa cJaLust JL^ 

^ LlIb \^y^3 ‘^T 3^ Lt^ 4j^LiJ1 

A LiU jj . ^ a. i S""j ^Jj a J ij' -^tl a i 'fc.tl 4^i^Jl 

JUC 4a^LLa 4iSLiiua t \ jg jt^- 3j.i^a.>Jl 5 tj j ■ ■■ 

4^L->JI ^JljiJ - - 1 i^jl i 1 ^ »olIIL V 'i .ml 

^ J . 1 4^>.V‘^It 1 3^ 0^ I jlt4 Lo^ 3.5'^"’*‘11 

(Y* 3SLiJI) .U^ ■■■ 3 1 3 IJJI ljufc ^} O' 

. a^t JuJ 1 * ' ^ t ^I 


























^J^*?** oaIjo\JI9 ^LiaJI v^iiX^ i-^ii 


• ■*!. t 


JlIj^I ^ ■ - 






Bulge ^L^iuVI 45Uia 

S^»-fal >J 1 
^JlL>31 a 

dermal papilla 


Bulge area ^ 'V* 


Hair follicle stem cells i jA^I Ml jl^ 4^'^l 4fiMl 

oL-Jl ijL3 4_^ Jl_>JI 3^*t**! H 4 j !">• (_fljj_4 

LjjI rtlfiitt 4 ■ 'oL^ ■» fcli 4_5 j^_3j George Cotsarelis n~\^ 

Bulge area 4 4. A~itt 4-_3 laiXl t4 

biU. JUJLJlII '4 1 4 CiT^^ i3^^-ft-ui]l 

1 4 j^ 1 'wU 4^44^L^l^t 4 . 1 "fc.tl a t4.j.gi Jlj*JI jJL>«ii 

/3j^• 3jl^| 4Tjj ...tt 3^^jL.iaJl 1^1^.:^ 4,j^ 4 

j j ' -‘j ^-^1 ^ ^ (jf Lo^ CjI^^ 5^ 11*4 II Cy^j 

j. i~< ^. .> 3"j j A Tt, 4 ■ V -^U tj^l.SJl La^ ^^ 1 I » 

^^^la-uJl ^^13**.j a^jLulJI 4 i ^\\ a^t-^tl ■*- i^ns 

Dermal papilla^4^^l^n ^jj *Jaj.i«Jlj cjj-aU IjljuLL^t l>® 

43lr>ill <-^^~i3*il — 3jJLilJt V ■"*! iJ-4-u (_7^^ - * I nib 4lnj'*iU 


■‘ J^^ J> J- 














^ ^ Lj^L^L) ^ A"j11 

<UXijLJ^l 5^ t Tu 11 Ju4^ jf jaL.-^ 1 OljLJul^ (J^4-aj 4-^lj a jS jtj-4 

jlLI (_i-ui}^1 ' d ^ Cy^ t_g i t ^\ (_ 4 j^ Flsir follicle stem cells 

L>U. dijjQ ^1 \^ja£ 1 1 j 3 j^j 4^L»Jt (jt^La «*‘jj •>- ^ i^Lu^VI 4 y "n^ 

^j_A JJlII ' .lUt 4-Ai^-jL^ 4—djL^l 1 *>> »l Jljlj 4^J—2JI 3j_t- JoJl 
^^1 . (J^-d (j-4 ^ 1 4 ^ 4-^Jl.»J 1 Li^iSJt ^ ^ . aj. •■■‘Lit 4..^JL^iJl 

JJUM L^jI f^\ _ 4 ^ £-\y (_^f I LdLcJ L^ (3^11^ 

4 jUm.jJI 4\^ji\ ^Progenitor cells 4-j_*-^ crjLJiJ'i- <Hi\ 
^IJj _ A^ ■ ..!-^tl Lj^t.^Jl tfJiJb ‘ ^ ^ iS 1 d 4^£JLj^ 1 4.a]->iJI 

Lh^J 4^aL>Jl 3-^ 4 -^La^ luljLiJ ^ 


Ij^t^ 4 4 o"ili d y- (^j - 4-Sjl Ml d 

jJl 5^^ 1^1 tt ^juw j /i^ S^ t Mill 3^^ 

3j-A-JiJ 1 L^t—^ ^j<J oIjLlwVI 3-4X. 4..2j^-L:J (jrU->>LJ1 oi-^ Laj 
. ‘ ^ ul^i 4.4l>>J 4.^jL:^l 

3>a 4J^L^I 3 ^^ji.JuJI ^L^I SjL&I 3 ^ 3 ^iC. La La^ 

3i-^jJ^ (Ji5-^ Ch® Li^t i5I[»" iiij ijujuw 3^ ^1 jii>tU (_^l LfcjL^j-A 


(jJ! 

Ken Washenik m ««i^ 3 ^ jjJL^jJI JjL^ 4 Jjjl) 3 >Icuj 


• 5^^*^**■ ^ ^jLsca 

4.^1^ 4 imlLa CjLi_aSLj C 7 ^ 4 jf •nil 3 ^'*’’* L)^^J 

frLjLLuaJI 3 a i^jJj-^ *jJLiA 3 ! 3 ja ^^1 . 4_jjL:*_j-i-ul t 3 P J-^ 3^ 

iy ‘.'7*" ‘"J f^J ili 3^ t"! AM La^ ^ a iull >' 

3 ‘^ ^ -^ ".11 3 ^-^ 3 ^ ‘"‘(_4.j_i_uJ1 r' 4 (^jJu 

3 I La^ jJLilJl 4j£. J Lr^l 4jl-^li ^li 1 ViMtl 3 ^ 3 ^ 1 jL^"ia 


^Lij 7 ^3^ 3.3^^W-1^ .U^Tj 4^mi 4.1 £Ula 

s 

3>l<s 3^ (±jj»lJI jl^ 3a >ijSLII ^ ^ jlf j-flj j-aI 3kj (3® 

3^H ..■‘',j A ... 4j1 La^ i^_^^LiI1 JciaIII ‘ ^ < 3_a 

( 3 ) 3 ^^ 43g...L^I LM-^) JL^ iCiUj aIjJ 3 i.uJI 3$ , > ^^J^ 

.4j^^LUlj^l jaJiJI 



















4_i^Jl:>J| a^iLuIiJl 4_^LtJ) SjJL^I 4 _lILc. Ljj^I 1-4^J 

JuJLjlII ^ .5 .^ ^ ^" M i^_yA JUJL-ftJl «. 1 _L^I 

cuLV^JL j i Mj jL_u _ AntiCancer «^^fauJS»LLLJ 1 B ‘ '* LlJ 1 ^Lis 


T * * 0 i^kLjul j ‘ '^ I \ ^ IjJl^l _ ^ ^ ^ ^ ^^I 

^Li^'^l 4.^ I^Jl^! jl3 1jjL£^ t<^jl_>iJ i^xJLLII I . >^ c- i^jja 1 jJSLq-i 

CujL£j ijJL-iIuJl f^jja «d . ..t t 4 —l£.Ju>JI Li^L^Li ^ i Jb^X. ^jX 


(JjL%j (jVij .4 ^Jl^ 4^lii 3j-^ ^fall 11 jt-^1 ^UalLul 4-LaAjLd ^ ^ > 11 

(J-A 3^t <"itl f^_yA 4_jX.Jl.>JI ^j ^ AjSIjj-aVI 4-^J_JuJl I . 11 


1(J.4-*J l ^Lb^xt d~'.‘ * *1 ^ ljjL:^ lt^ tjLj-uJ^l 

Degenerative 4_JiLj»L^VI j-^Vl ^!M-x LU_i^l L^jjlJa \^j * l\j 
L .t-ktl < L-kj-JU t ■ U. tl JuJlJV Li-ljJ ^ J ‘ biJlj diseases 

JjVl aJjb>JLI c^*^' iRegenerative medicine 

^ 5^ • 1*11 Luoj) t^S>. lAaCjkj^l 4ai^l ^j!b 


Mdk* 4^ j^t Li)li 

«» ♦ W -W ♦ • • • • • 

l*ia^. i_-^ i4.j£Lj^Vl jxlSL^ 4jLal^cj Elaine Fuchs ju!lp^ la^! 

jlL^I 4 i\-^ c±3jx L^1 (Y* * * j»LAJ1 V C4jjJl»yi ■ ■“■ j— 

^jSLiIij 1 ^ >..^1 L7^ v*'M•w fjji 4^xJL^Jl 4.^1^1 billlaJ 


.^t-LoJl L^l^J ‘11 i tLiJ^^ Li^l-^l ^lj-)l foJoJLd ^ll‘>r‘-jj 


UiJt tU§ S)U 41^ ||^ |»l^l 

4 i.lt^Jl ^IjJ ^JlU 4.xulLI, 1 4.JX JuJl 4.jJj>Jl i"^a i^“ ...1 LuajI 

ljta-i-uj^_<-uj tJjl-» 4 _jl->oL_>- q^-j_>-Lj Cr'^ iAlopecia j^l—adl ji ^ .".tt 

^^^xLseJJI ajJI ^^La_> LoLx 1 * ^ ^ aJlU 4_tJ.ixII Li^t-J^l 

- ' - “j» - ' 

*4_^f Lj^LkJl cujLji-lj iChronic myeloid leukemia (CML) ^>11 

U7^ ^ “ ■ > ^ c?^ o * 1 j-Ua (j^J 


4^i^x Qji Lojj 00 _ L* JbAjj t^^^jLojSdl ^i-LtU «l%-^ tt Ij 

^^jJl 4 ^U/ii ,"|H ■ U"^V 4 -X^Lj^I 

(‘t-iSA (j_uJ i L>"'j LT^ ^ 















*kjf 


. 4j1 Oj ^ i(J-aLuJI ^.jjjLjJi pljJ 

t i ^LiJI ^ ‘ '•"■tl ^1 jJ A ^ j a ,~^t| .U.J ^ . ..j .^ ^ ^ 

^jJ JjVl (j-ojS .^jHaj-jjJI ^^Lc. (^jL<4_iS 131 |k|jL5eJlt4jl 4 7 - jV* <lIoj) li t n 

^ ■ “ * 4^1j <^3-*^ j-JL^lJt ^_^LjJi Lat i4-ui^ ^jA j 14^itl 

j* Aj. lSa < ' ■ ■ - >.^3 l 53^ L^ C-^jlijl JukJ 

4 nln la ^tl ^Lj _aJI J « 1 3jij__aJ1 

‘O'* <“j (lr^ 3 >j ^- 4 ^^ iS^a .‘uJl <-jtj-:^ Lj^L ^13 tBulg£ cells ^Lfl"iiVl 

3jL^J ^ ^jTT Jj 3 "'^ c^ 3 >^ . 3^3 iCaveolin -1 - o;J^l^)) 

"w i|^jLaj£L !1 jjlj jI ^jjkJuU ■ 1 ^^' 3 - 4 -lil oVL^ ^^ 3 -^ t5^ »Auli 

jl J3jl . 03 ^^ - 3 -^) 3^ l 3^I>-* j^j 0 > L^L^I 'V 4^ j I a1 

1 ^jl 4j^U ^^•LjJI julj jX^ jJSLAj 3-4-ij J % I hH I jJ 


SJt 


f 

• • 

^ ■* jlIssJIj jJi-uklJ 4 ^jlj^I ■ ■■! j,^ 

tSjjl'^l 3JL3^^ " 3 j^Jl^ oIjJ^ (jji 4,^.1‘jLoj . 3 .^Jl:^I 4.A^I Cjj^ 

Lil£j . JI 3 .. 1 ,4ii ^11 i^ylc. Ul J-C 3 1X1 cjLLi^VI jJi^l 3 jL-utl j^L i JL) 

i^LidujVI 4.j.j.4iij|j 4~i_ia Al IjX^ JlL^) (3^^ U3^ ^1 

4J^3 4i^2d 3ji^.^l3 3 j3^i^I 0^3 oUj^^jXl ^lladL>>3 (j-^ 34^ 
^Lk4j 31 “^ ^ U^J (4-^jj^jl!I CjLl^iJL Luajl 

JjjLiKJ 33>-^^ ■ li'^li ^ilQ"i4 ill lJL^3 * jLlU 

,Skin stem cell L^»l 01:^3 SjjuUl v'>?^ ^1:^12LiiJI 

^^Xjl) j ■» ■" 4j£.Ji>JI 3^ a i^li 4 il'jr^ uA 

^ i V"i I .i" L^l 3^ ijii^! ^XaaJI ' t-4 s ^ 

. Lj^^Jul 33' “ J^^LoXl ili3 I <Ai i 11 i^4.ulj LT^ 5^ 















s)Uiik\ 


.' ^ ^L.^] 1 4..j^jl^JI ^ 

L« L^jLj t ‘*j ■ i^Lli_uVl t^ij t^Laj 

^yA •U tl A m M ! 

.AjjJj ^LjlL^I 4 •“< g I lS4 JL^ ^i-uu^l 

l)^ *. *TiJ 

Mill i^jlf 4jf i,1i"Hti 4.al^l (Ja£- 


Sferr-a 1 



d^jL^l (j^t SiuU 




)Jl>JI 


4_tl 1 ^ 4j^4J a j\ 


(jj-^^tj ^LJlJI (j-uJi» ij ^j3 *(^^) 

^^‘■‘ Enamel 4^:^jL30l Li^l 4 d <Jtf 
i_)j 1 ^ i^jQ iDentin 4_ki^lhiJl LhiXl ^^ 
ljj tj_uiiJ ^ —*>< 4 j (^jJlj (Dental pulp 

A L^. i^>J> jjl li^Vt ^ .1^ 


4_^ .1^^^ I ^ jjI i fr L^ » 

^ ‘ g U jL^i ^I ..... 1 cLiVI 

4_i^l_^ i_^ 4_4_jIjJI 

i<4^Jj>JI Li^LicJJ 









M 

Nakashima M U^Kj ^ Ijujl^j ur^ 

cjLj jl^ AjI j| iDcntin 4^_L^1jJt Ll^l ^^ ij-^^ j gjjLcl > 

Dental 4 ..^jl.^I (jLu^Sfl ^ >m 

Ij!>L^ (jjl Jj Tr ~J1 (jj£. 3j„\ ST! l—^jjJ .pulp stem cells (DPSCs) 
1 '* jt' ^ 3 .1^ ^Lte^ LT^i ;J^ **• Lj^ji^jlj Odontoblasts ^LLu^I 
jt .scaffold ^3 ...tt L^L^l ^jjt ‘-dJjij .4jivijJl 

^Luj ^ 4^Lj;:d| ^.a t4_i_u<mi ^ .t^tl 1 ^ 4_^L»JLi 

Bone moq^hogenetic proteins (BMPs) Jlla 

SjLStlil oLVjJI IjjjL^j .A^l 4 i^ill 4jS!j^>jaVl SjLill ^jIjLJI tj-aj 

Pamela Yelick ^ j 4 ~i -^.l—dl ^ 4_»_dl-^ 

^ y ‘ - *1 ^1^1 4 I It-V i^ll ^:fcli ^ V"l Mr! (^~'*‘ dl 

^ ^L3_i-u (^yS Tooth germ cells 4 j y> 11 ^LLuiVi 

4 I Ml* C7^ Ij^ l,i,n 'f, *4 t^lli-uVl 4 y I ii\i <Cj j > T^itl 

clliij rfc» ^^^-uAldVl ^ -v-Vl < ^. >1 -^Ti «L-^1 iIinVl 

<L5c->9jj SjLc.] ^_yi-3e-Jl 4_5£^jPaul Sharpe's ^jLi tir^ ttjjaJ 

4.56^1 UjjL-uaA (jSu (J - Mesenchymal cells JLq-jSLj^Ij iLw^eJJl 

4^l__^J^| D^l _>- ‘ ' ‘^ 1 _ ^ _a_U9J cT^ 

(_ 3 JJ ^jLaJI 4j_<u:tdJI L^Lx .Embryonic oral epithelium Ar.r.yW 

_ Lkjjjj cJ>j>o (^1 .Mesenchymal stem cells i-^tUl Ij>Lx 

itl jJ l^ ^LLuVI 4 ^ ^ it 4 JjL4^ 4 j 1 

■J ^ -J ^ ^ * ‘ ‘1^ j^J-SLuij (,^^1 ^LLljjVI ‘ * L^oLcj ^xJIl \ ‘ ‘ 


1 j1 <-^j ^ ^ .^4^1-Ij_ul La lf3^ . i Ag f^jdl ..iilijV 1 , 

L^U ^! j y 11 .4^X.Jl:OI cL^Ldt 

^Lj-aL '" ■ ^ 1 L" ... I L^f* • L^^^Lc. 4_3laJJll ^j-g—>111 ^ .(jLi. nVl 

(jLdJ (j-i-uJi L^L^ (jji ^LLu/V 1 4-^ .i.\l ^^jua-pdl Lu^l LajJlC,! tna^ 

l^kLl Vj V t ^c. I ^ ilgL L^L^I ajjb l^^jj Cx'i^ (jUjj 

^ .Lc.^^-i.^1 y T 3jJL ^L jLd <z*c.jj L^ji^jlj .4 ir>L^ 4Ji m ih 

^iJ^I 4:y . I111 L^j! cT'-H 


(TOT) 




















qIxui'UI ^Uc 5 dkoiiJI 


(j1 (jl-L-uVI L-*a.iL^ Cij >■ L-iJj-d CjLi 


^1 jl t4 <;jl III 4-Lal^ j) g 4_^1j jI 5j^ < a Lj1^-J iZ^^eh-Lj 


^1 _ Ju^ d ... t j ■ ■■ * iJ-duj 

i^Ljt^Jlj I \ I u41 La 41 4^ 1 4il^Hjj L^oJbJ jj) < ll jl L^dloJl 

, ^ • ■■ ^ 1 ^' ‘^ ■ ^ 11 ^ j t •" < -1 1 


Postnatal stem cells ^briHt uu» 

4_3t_i-AJl ^ jj* 'i * ^ji^l V* *X j^Ltll jj-a 

14^ ,1-^11 L^LjfcU L 44 A I JjJl>. IjJllc^ IjA A"X 1 

j t *^ 11j . JliL-SkjVIj ^^LjlII 4.^X.J^->JI 4_j1:^I JljxI Lj3^ 


(^1 Deciduous teeth SujIjJI jLLuail JLiL^l ^ 1 JLils^l 

4lj^ CT^J (4jULjJi jl 4 ^LmJ 1 J..4X. p JlL^Luo^ 

Lijiajuj jL4-.>> i^j-ut>i Li^ Jl^G ^j.i4 Mill ^\ 

PoStn^t^l SlerfK^jLj^l 3j^^i Jlij La bMiu jJulola (jLluVl ^jUb C.J 

(jLS jl ( 2 a^L£. ^ cells 

jjJi^jJI < 1-00 (_yj_5tj (3i>^ 4 1 ^ tj Gronthos ...vi 

3,1 Tr ^ill cjbV^L 4^>-3Ji 4^ i.rt!l ^iSongtao Shi ^ jLUG^ 

Cjlj-^a-jLj-tu-ja 4_iJL_dl ^jLi-tuVi IjJL-i^j U'^ i Y • * * pLtJI 4-^£[£^Vl 

4j-uiJl ^LU^Vl (^jdl jM<aV 1 )4-ji^>l :^ll b^L^I 

tljL^jLdll ^j^J . 4-^,'i -^11 Ij^L^I ^j_4 4 jf,^l L 4 J ^ji i-jLi tj-o tj>^ ^ 
t. 4i i3j 1^4^ U^J icdl JuT Libj.4X. 4 .u^jLl4J1 CxjL^ jlajuj-u 4ajl 4^jUlll 
(3jL3Jm 4-^L^^^—dl 4ji^^._uj (_p3jVl ^^ ^ '4 1 g~lM 4-4dulJl ^LLl^VLi 

i^jlf <JIJj 3 >^ L^jja i t^d o^^*Yg I All>■ La 

4—l_ldJI 4 'ii .. .. I I - V <" bu^^_dJ ^ ““ ^ ~ ^ ^ ^ ^ A id •T l_iU I ■ .S3\ 

1 1 ^tiurt ) 4 ji dll jjLu tiVl Ll i 1 pl^^iCl 41 ^ af 

(j\j ba JAUUj ^ 1 j 3 jL 3 i.t^ 'b^ ^...tl |jLd iLi^ (^1 (J-^^ 

J.l 1 1 iJil pj i4 4 '4 4j ^ 4,1 dj ^jJI t^jJO V ^ ^ '“J 4jLLk^l 

L>^ L>^ (J^-dl ‘'J La^ i4!liJl ^jja ■"■ <" 4^> AW ^bLLuLi 

« La^^ ^ ^ t^^iiXjLui^ ^**' ^«‘ dj 1^ i liiii jLaj ^ > 1 “ . .ll 



















fLVI t4jt ;jiotu '(,7^ jl~ij_t^^ 

** ^ Lu^l (^jJI t3j-^Lj-^ djV^I jL jii i_^j_i_iJI J-j_»Jl ^A (Ji^ 


^1)) : L-LOjf jL1juj.i-u (JL^ (J-d^ll n~t ^ cr^ j- 

p ■ ■■■*.tl OJlC. ^ * •" ' "J f^jJI j jjAloJl ^LLuI 

<Li^,1^11 <—^j.4^ j** > ^ .1 * J.‘^ 

4L(bj.a£.j 4 ^£Ll.iIJIj ^"*V j * .".tl JL^JIj j^Ucutil 

jl L^iL^t (jt-Lc- 1 ^ t a ^1t ^jJj ^ 

JjLlx^l ^Lal 4-i^ LT^ <1>^^ c^>^l 3^J 3^ ni l 

tinl L4^ i^^J-^l 4jl!L^L^l (J-uJJJ (.9^ (j-^ ulaAl < u V» 

tjL^ 4 a ^ a Sj.^ j 1 "it } Lo^j .f.\j-^ e.\j‘y ^jl U 4 jIj »H 

4^LtJI L^jJtS jUu-^l (jLildVl ^jLu-iil 4 A^l,V~i mil 4 jX.Ju:^ 1 L^i-iJI 

QjL^ uy>’j * ^J~3^ CjLxa^ «-ll&^lj CioJkLuili j..4lli 

^Lli^? i^t iL4ji <i_±iAi^ii 4_^^, i_-^l L^>L^1 lA^j »Lai.>JI 

-^tLjC _ Ij^L-^I Cy^ JJL^ ^1—a-Iu t...^tl jJLaIsVI 

^1^1 ^1 ^LoIj 4^l!i}l I atji . ^Lxj-uVtj 4j)4>jJlj 4 j a 1 11 j t4ji iv^tll 

Ijtli>i 4 ^ ^ ^Lij-l-kuLt i L.ij^_^ Ij^'L^t 

^ ^ Jj_jL^XJ>J1 4_aj^^ (jl ^jduLuit (JLnloVl ^LLu;! ^j-a 4jcJL^It 4 jl'^ll 
^ J ^ ^ ■^! 1 w ^a **- djUblt 5 J 4.^jjJl LjL.ua_^Lj a. i t^i^*i ^ 

(Jod ^Ju^^j i((4jJjJ^Ji 

_ JLaIoVI ^JLLM#I (jjo _ 4 J f jL^t L^L-iJI ^JjJL 7r A jjjO Lr^3 

L^'L^ a LjTi 4j i .^n a ^1 a "i H 

^ JL 3 -^ .Anthony Mahowald .41^14 a ^ 4. - ^ 

4^Jlj^1 Ij^'L^I ^1 Jk£^1 «4j^j^-aVI 4ukjoLx 4 ^Jlj^M 4^1^J1 

a a gjL)JL£. L^.1^1 J ‘~^^ L^Jl^dLua ^LLujI 

^_^jJs>j-ja ^^'LtJ ^jdj i 4 ■»■ *1 ilii ^j^Lj^i ill Iji'Li- (Jj-* i|^j-^Vl L^il^Jl (jj9 

_ «J ^^/^LijJlU 4_?e_^lJll Lliljj_j_u3— aJI Lj^^_ ^ ^tjJI 

JlJ (Jt a llj ^ I a ^ J^—^ L 7 ^ i al J ^^L-tJ jl .-uJ^-^jLj 


jy J- 
























iJHauXII 


(jLij^i Lj^'LJu 5'y. (^jJI iGronthos S 

LiJajl ij ^ ^j t ^ ‘ ^ (-JdijJI ,3^e_d t.Til'vJ ^ cJj->o 

^ St jljjjlII L^Jj^_>«j 

Progenitor cells liUha]t§ clU> U)t^l 

^LL^VI 4j^fcnjI 4 ^_iAjSLI1 4_ujI^J 

^LLuj^I J-4J I* ~ i * t ^jjA ^^^o^xLlII 

^ j' cLjLo-aj 4-<^L^ cIjLj£^.^ ^jSLwij L^-u-dLiJ^ 

j I " ^II ^1 l^ J ^jLl_fc4(^ (_^l <U^^Vi (Jj^—|n^*C ^a i^JlJI j-*V1 

.("“') L^t ^1 ^ISUI 


Embryonic stem cell Cb^.;i 49^1 Mil^l 

Loj L^j^-idj L^L^I ^j0 y ^LLlcJ 5j. \ 511 L^jJ 4,jl'». L_d^jLj LoJ^ ct^J 

;Jj) t<?a.Tr-It V^"i I mTi (,^1 <d£^.L3Jt i^LLi^Vi j^jUbtjj I, ^uSi 


jl 4 ,j.£, 4.ii>. L^IbCjlj L<4 — ^ * ~ t 

Reprograniming4^j^l SjU.! 4 jUc U_« j£j^ jji juV ^;^ .Ij!>L=kJI (>a 
3jLc.{ ^jjA U*^ i4^L^I l^ic, LIjJL^o 

t ^ I <LJa£^ l^lj^ 4,jLlL) ^JiLfc. d 4-%^^ 

^ iJu j\ .4Suj3j ^ j g i«11 4:» till CjI < n i 

i4.jijJ^ 4 i 4 \jj _ cLJ^LlII ^JLlu-t^JI 4 Uj ^1 _ LaLjJ 

4 it *yj ij^-*^ U>-" Uj (jjj ^LJi IjjJt 4 je_^^ 5jLc. 1 Jo tj 

t J (ri all ljub ^ l^IIj i ^ Loj tL^l^iJl ^1^1 ^ LjJ^i^ 

^UJlj oLi-Vl 


Tooth stem cells ^U^VI Lliifti t\iaA\ 

O-Sc^t J j-A La J^ . L^1 J L^jLl^ _ ■"■" 4_aSL^^Vt 4_a^SL>J1 

‘4 aj^1 ^ 1 t-tT1 JjJ-uJLI it,L>. Y* • 0 ^L iJI i^jJi j ^ i^j~a *\ 1*11 

4,a£. JljJI L^GcU lLIjJj ^LAjI 4^ j11 Li t^ «C"\I ol£j—t^jLifc-i^l 

i(j.uiJI L^ 1 J>jJl->iJ ^Jt Jl^^Vl 4 ax.. i-^tl ^LLujVI j-^ i^gj . JLd^VI 

















. L^l£La t"«j ^1 Vi (j^ 4Jjj dill jjLLi_uVl 4-^jl ^Lla£, 

^^yi^^.J^^ ^Jt -. ^ jC _ ^ji j,i itVI 4 j^Jl^I 4_jlifcll i^ll^ 

^^^-iIj jLjJuj-l^ 4-La-i-ui^ Y * * * ^LaJt L^UtU j t lJlJuJI^I jJI 

t-d^-L^l a ^ili 4 Jl-^1 ^LIuVI ljI-^ * 1 i^jt 

Ij-V 1^ A ^\ <L^llJl 4.^b_buJtl ^ j '*^ L-^ " . u t ^ jj 

4 <i 1^1 II (^jIj ^^Lt-ssj jjLa t-^tl ^UiutJI JUJuatliJ! ^^-LaU 

^ 5 »LjlIj cleft palate « ^n m (j^ t n ii*C 

.^LL-uVI 3jlijljJ1 lCLIj 

(jj-i (3^ ^^it"t.4-> -. i^Lc (J^<"m t . 4jr 4 -Jl^ 1 ijl ciJjJU Lillie (J^ 0^3 


i^LtJb (jl—^ \~-A i^LuuiVt J 7t A t.f,l ill 

j i <y~i JL:^I 1 juft (IjLajVI j.m.XmA ^Jb . L^l a.<t» J^l 

UyS 5j-j 0 4JiLIl L^_:^lj^j ifjM^j-L^\ i ^ J 4 L 4 J h^LLljjVI n 


. 4^1 i g til 4^^f ^LlJl 

- LllL^ _ ^LIj-u^I t, iI^ cjLA^ (jr^ 

iu^Vi Jjfl t < I-K i J1 -V t^^LaJl L^l,i-V~^iilj 4^ j ‘>s]\ 4_tL=tlI 

V 13 1 ^^^ ^^3^ Ji^3 ^^1 t 3' ^ ^" tl^ 













« «* 


(^palJ^! (j^ (Jzjlxil jJi^l La 

^A,v 5 *<!i »ll-> Vl^ oi_dJit_4 cJ'^^ j ti ^L-jlJ1 

jl JIj ^Lfctf^ll ^^j^' 

tj-itL J^ 4„tiii diUi» jJ I 

^ (J>>Ju . 4^^o»jJt 4uiSJl 

J^ l>^ 3 J$ j , 4 (J.*.*t- L > o* U-® 

L4] ^3 ^jJt t ^1. V ^JijLA 

4 VL2j ^1_l£,I (Jjq..>u <ji£LII 

SjLtk Oi . 4^ 4^—J \ikjl I ^ .i-fl 1^ 


.Cj^I ^J ^ (Jim ^ ^j «cL^ inlL£^ 

jJ, ■%■ ^ I J.^J I f^^yJb 4_jJ^ I ^3 ^ J L f* LJ^ 

cIj t J L ^ J£^ Ci4-t.li _J 4j I U i J.*^ AJ C.4^i^ I 

cJLo^ d 4^1 %_iJIj JJ^ jt 4 j K11 (J^ 


d i jj • f^ L^Jj 1 - 4i iL * ^jla JjLdj t"*! ^ 

^ '^‘ ^3 4^LlLI L^_^Ij^ 4u-tAiiLLH 

^ ‘ ■■ ‘I ^ 4.%—luul (JjLLj ^ ^ i^JLaJ 

^jiiifll 4je.4u'il J^^ ^JjlI J 3 ^1 4(_^ia£j,l 


>.oVloj_i^l_JI J.^ . 
v~ 1 ! ^ il... 11 ^ I «L2_^^JLd 

d_^ j_:^l 4 jI'^IIj 

JJ^l 














ojJt ciJLLA ^7 - ^4_^Vl 3^3 — 1 g (^jl^l 

^J-Ju-^J 1 ^L^ ^ ^*l..fc.uJI <_)^ I'■■ ^I ^ 1^ t jl)I ^L^o^ Cj“^ ^ i1 jt •! 1 

Qji j ^ “‘2^ 1 ^ 3 t ^Lvil f.\ ^ij| 1 l_^jL.u» LjL^u (Jii-4J (^J) 11 


^ ^ ^J 

^ J ^ ~ l)^ L7^ ^ “i "wL-^i _u^1 aJJ^ (J^ <"t » 

Jj' 0^3 * 7-^Jj"^^ O^ ->^* L>^ lL-»_^ 1 (_^j jJLj-ujVI 

i^^>l_xll Ij^'l ^1 ^1 Ju-x—j—1-ut aJJt 

4_i_uJL>Jl 4 ^^Jl.^ 1 4_Li^1 ^^.LiJLj L^_La^ (3>^ ' ■ * ■"■ ""j 

j_^lJi ^" 11 La^.uLkiJ 

.^1 


«L.«a-cVl (_^ 4^^ j^ll AaliJI (jl (jjo Lflj^>jU/a (jl^ 

4.j 1^I ^7 4..S-ii.fl.j>'JIj i^LiuaVlj JlL^I^ j oLaLwudLtl L^J (^JL>o 
a—^1 4_st-u-*j? j-fl 

^Jl^ ^ L^I (^aJI ^-^oVl (4 _j^I^^JLLI 

Ldj^-s-A ^ I tti 5*1^1 da^JLu 4 :» iJiWIj c^Lua^Vl 4 j,f ylS I 

4 J K) IJ ^^ISLIl g,l iin r. t (_^_3 4 _j-c,JLj^ 1 4 ^i'^ll (j7 ^jV! 

4-l^I^ L^ Cy*3 1 jLuij^lj tLu^Vl 

L-JJl *papilla 5_ A^ W iRenal tubules ^ KW u^uVl 
^ ■.". 1 ^^ ^j1 llILLa ' ^^edulla 4-ii£LU 

lLUjj 11 ^j 4 jL>> ^ al" <^jjlj>> a 11 I ^ i 1 aja-iu 4 jK T1 

^1 * ^ * JJ .aUj 5J■ i 5 ^ 4£LL4 -i 1-X 

Glomeruli Tubular cells 4-^j^Vl Sj,i 5 a 

jl ^ ■"■ L .x.tl ^“ti 3 jL^| (j^i^ 

Ij^'L^dl ^1 ^jm£3-i— iJI t ■ .4_)Lj^V1 cjV 1->> ^ il"tl 4_ji£UI Lj^*!.^ 

4_j_*^L^ L^jaJ Intrinsic renal cells 4 j^j-^I j? 4_^1jJI 4^K11 

^! (j3 tiJjL-ciij (_^ tS^l A ' a aj^jL^ ur^! J 3 '^T> 























ijiUI ijal ja\ gLlcgKic\all6.^1iJI 



^Ul Mikftil 4 n1^I 

• •••«• 

^^LI:3J 4jtJL_JI 4_U^JL_>J1 Li^L_^1 

^1 Plasticity ^^>11 L^j jl («.lj^j 5 _I t Aj 3jUj^ 

^LiJlJI ^jl^I 4_iiiJI SjjJfl jj-a Li^j^ La^ iTransdiffercntiation 

^ ^ ^j-jo _ L^Lcj t jljjlj^ (J'^“<11 

LAi* 0^3 CH® mni ^ J' 

^jNd 4JLlLdl «U^jL^I ^a.1 1 ^.~....t t j .•^p Aj^ cLiLsc-jI LiJLjj^j ,i“iCj^j3 

(HSC^s i&jlLI 4JL>.^i (U 4 j^-kJ \ La ji lt^ 


L^-LiJl jj-a LAj-jjl^ _ L^jJ^i! ciUij t Loj) A c. 4_J^^1 l£UI t iiU 5 

4^^i£^ L^L^ 4_iJLjJl 4_^JL->J1 

T1 (j-Sj jJj-a_3j (J-udI L^J 4£^1SJI 4^ c.JU^I 4 jl'LJl 

^-^3 • 4 fth LU 4.ax. jL^I Lj^L^I 4£g-iii iJ I, \ oL I jjk jikLl&jJI 

3 .r 'i _^ti L>i_^1 j-S ^ xLc. 4j! Zerbijii G u> *i.i>d3 (_7-lGt^V1 til 

V - ■ ^ -^-t 1 JL^ ^ L^jl j^j l^jJl (j-A d "■ ,_..i 1 

L^L^I IjLp UJLIaj iL^ La L3ij ^Llj «uKJ 1 J.uaj Lii^ cJuijj 
JIjJlsu 4 fail * LaLa-> 4i^ 4 j^H ^J *!l 4a^ JL:^l 

i^il4 5 j^_:^jII *Renal stem cell 4_^ j_^l Ij>L->JI ^ 

Aj\ i^li 4 jK!1 L^L^I f^yjt fjj ttT) t 

JLuiJ ^jl (-iilAj j rtrtj I^j_i_u ^j^jlII JJ-dJl crl^-? * 

g •^T jl j 411 ^1^^ ^ Oy- i sJlL^ dJLiJt (jtj ilLUjl^ La 


jL>JI Luo^^_L<a>> (^^^iSLll (JuuiAII t.Jill]l <Lijl.7u I liCH L^*!^ 
4-^jLj^l Ij>L4J1 Vj .Acute & Chronic renal damages (>a>llj 

S 43 JI 3 JI ^JlU 4^aiult 4^£.. V ^HJ 4j^i^l 

■L>a g Jkj^^_a j^^Jl-:^! ^| jl i^l 411 ■ ■■ * 4 _jL^^I 


^jdSLji^.Ju -LS A _ 


Cr'-i-i 


iaji 




-7C.^Vlj L>" \ I ■ *^lj^ ~ .".^1 * _ ^ ^ aj 


(jr^^LA Jj i—sVT tji <—jj[_^jLl,l j>a-3 . JSLcuj Lw^ 4^1-jJl 3 I 4j^I L^L^i 
Apoptosis ^ ^ ‘t^ jJ^ "'* j-oiax. l_j^^ L^'L^dl 

_ 4£^i£[Jl 4.^xjL^^li 4 jl>»ll (^1 - L^L^dl L^oJaJ^ju 


J> <J- 





















^I e_kll]l (_y^ I_ a\ .<L^jL^ SjUJl^ Ij^A _3tJ 

j_^jl^JL1 jjulU 4 2jjl2JI 3l5~^ l )^**^} ^ 

i^jja <LijV1j i^jJJ 4*i MiiU 4^JL:^1 i4j^l£DI 

^lj.4duJI jLojJI (J-f^ ^Lal (^JliVI 2 Aj"X a l aa~ Ll^'L-^l ^JL^ (JjLSU L 4-4 t^UaJLil 
'^" 1 1 <i">j LAj_a1 t u~ ilji l\>«! t4aiSJl lj^4iu (^>1^1 


^ .>> 4£LujL4J tjLdjJlj ‘ Iii~.n JLjJkJJ ^j -^1 

ij y tU J j .<1 7 *]' L-4jLtJ ^L^jJI 4 A j-:y-JU L^j jJj 54jJL->*j (_yl£. 

jL-^Jull j ‘ * I j ^ ^ I ' -' * "j Llibj i2j_c.l ^ ^ ■ ■■** ^1 ^L-^.lll 

4jI t-dJj ^j_4j . t ^ LaLcJ 4 jK tl iti 21^ 

^Lu IjLb 1 jjuul Sj->*LlLI i^IjJLaJI Liil3 

^ ‘~*^^ ‘^^.* (. 7 ^ I JjJlu IAIj 

^^dlLuJI 4 ^^^..^ L 7 ^ "fc-LjJi (J-AJkJ dUjJ )jL ^1 CjiLoJ I ti •*«* 

4 j 4jaj_t_d 1 '\tl _3 (JAJJl ^^'Lc 4.j-C.jL.;^l 4 jil^itL (J^JlIU 

4^LL11 Lj^jIaj ( 1 >^->^ (. 7 ^ L^x^a 4.uLm 


ajiiijAyi 


4j^15L1I 4x!LjJ1 4x£,Jl>J 1 L)^L^1 Ur^ 2 1 ^•. 

^ J ^ ^ 2jjjlJI ^^1 (2t^!L>>LJ 1 •« CuJL^J ^M 

\_ ^ i I Ij^L^I Lfej^JLdja t4jiji‘^ll 

. IjL^ J "■;^ IjJLiwjj L^'L^I 

<Lx£jL^^I Ij^'L^JI jjj) •><!l 4 lA Lcjlj ^ ^ ‘J 

^ J^ ^ ^ J "‘^ 4-^^!^ 1^ 4._ixjJ ■■■! 


4 ji^!l ^ 4 ^^Jl:^I 4 jl^ll 

SjjjJIj Reprogramming ^ Sjlx.) 5- 4J^U1 

4^^Jj>» ^ I t^~ Cij Tr.i i2^^£LiJLl 4 ^Ij^l 

- 4 a. V -w 11 4-ji^) 4jjL4^ dii j 

4 ^ 4 l'i 1 iTl ai^LoiJLt ot jL^ liLIj 4_2c^^>^I ojLcj 4 ^ 

^ Jiaa ^jj (‘‘tj'^ cH® 

.(“-) ^jj Lyu 5 m,.1.....IIj ^jJI iKJJ.\ >. 















^ iia.^1 4K ) H a Lai 

t^^LjtJI 4 a ^ V" I mU^ dj^Lo^t 4 j^ 1^1 L^L^JI jt 4_Ujir^1 4_^JL:^i 
^ ^ ^Ij ^aJJt t ^ t ^1_ oJjlJI t-«"i- . o 1 J;__a__3 

4 i.f.mi L>LiJl ^IjlJw L^ia l^jl-^JI 4 ji^ c ^Encapsulation iJjLiJl 

t-iU juj i4^j^jlII 4j^ 1^1 L^L^t ,^j£. 1 JU-uj^I aL^jt g'^ aj i n“i \ 11 

3jIx.J 1 iaJn"imi LLaj La : IjJ^L-ujj t4.3j^.L^l ^ aLgltJl jl^ 

4ji>. ^1 L4 Lj^>uj i^jJj^l 4ji^n (JiLa 4 jDLJI 4 jI^II 
j LL'^i.U L^Jj_^^>u ^■^~t-4.ii \ i4^-uJL^t 4.^JL.^t 4^L^1 
^j.g 4 jJlLk 4JlILj Jl^G V tjLoi^ kiiJj ... > LmJ L^ .d .^4." A 

9 

t4_^lj ^j—A 4^J J ■ ^ ^ I ^ 4 III rt‘i 

4JSLui_^ ^ 4_^L_C. Llld L.4-^ . . i~ t t g-r^ L^Lgj 4_^mi A L \ (.fUjuj 

Ij!^4—>J1 (J 3— 1 -^ 4-l:K^t ^JJL3 4 ^.ijjJI , ntlj j»L,li la.t^Vi 

. 4 j.<jj 1 ■‘OI JL^i 

Llj| j1 Cr^ J-^ I jJ 

ah ^...'.'.i,^ La£^ LaLa-)«jLiVI ^jJJLi A£.m.l s ,h,A m aI^C 

4.^J.^Ji 4jlputl 

j ^t ^1 ||)U ^ U)Uil jaUi* ,^i 

^ ii* 4l^jJLl j^JLlI 4 *< I n U i 4 Jf J >> 

renal 4_j.j_iG> ji 4 j^J^ L^L-a*. iAj^^jJI SjjjJI (3i>^ 

Lgj 4j^iUl 4-1^1 (±.*j^ ^LiAj i4 jK!l ^^\ Jjuaj Lkjjju iprogenitofs 
4 j g1 4j^i^l L^L^i (Jt ^t (4 ^^L^j CjijLi!uJj L)^ 

Jli^. 4_aKJl j ^ " ‘""j L>^ LJjIiaJLI ^ *“ 

i~i^U lLLIjij AoI^LII Ij^G^ "w ^1 L^ij^.^ij ^Vl ^ c^Ludll 

* Mesenchymal stem cells JL^ |i.LL*JI Lj^LG- l g < 

. 4jKiLj j! OLLlol ;^1 cGjJL>- a ic 4 LTi A 4j^i^ Ij^L^ ^1 

CjGIa^ 4ji£Ll1 (^G ^gJajLjo ^1 Lg^^ 

























lAkfliJ I 


^ J (Jj t ^ 4 jKtl f^jji t,"i t II jt j-_AjJl <Liljl \-A ^^-l—LiDl 

^ ^jLiJl (j-* 4-^l£Ltl liILLa ^jl 1_^L^ 

L^Li- ^Intrinsic renal cells 5_^1 jJ1 4j^ 1 L^UJl ^ 

4^L>iJ1 ■ i ff jjj j 4 i 

^ 5 ij' U i I 

I ^ ^ '^‘“**^I - Y 

^ 7>j 4ij "tl Kidney precursor 4_JjVl a^KII L>LiJl { 

(CjIjJu^I a \ i • “i a 1-^i A' 1-^1 (Jl-^ ^~ti^ ,A 4_3e_uuVl 

i—dj-£. 1 4 ij^i ^ A. ^. t \ 4^1£lj) 

4^Jlj^ L7^ ^y ‘"** 3jij^j.l1 cjIjjl^I 

4 jM ;-sli 4 y ...'iVl ajjb iMetanephric mesenchymal stem cells ^■■~ 

4^iL>JI (J3^ ^.xaJ (j'Cl>>Ldl CujIj^ 

j1 4 jlSLII cjI 4 j\^ L^jj (Jj-^ (3^ cdLjb ^1 f«jCj 4jx.ju^t 

Tubular 4aJ^^Vl lj^i.^1 j\ Lo^ 

, L« cIa^j Sjj-jiCLd djIjjL^ cIjI j ^ ‘ .4 ^iKtl cells 

i:j .4^1 <4^ ,x.u^ ^1 3iJLi^ ' ''''■^J L 4-4 

^ 1 ^tH l^_djL3u_uilj 4j^l£lit ^ i-^U a^l^dl (jLis 

^ ^ 4_LLa-^ Jl-jij 1_A ^-j_i.^ *—^ i 'i /'>J1 

1 Renal tubular cells 2kiJi^i:&j>15:ri:SLu>^ViLj>ii^ 
t .j^uS/i L^i-^ ^1 ^1 ‘^1 4.d£^j Anglani F ^LlajVI -n jLtii 

tiliiUi.1 c^jJI ^j3 )Jj> “> "j*! I gU 4 j l"i4> 4jj KII 

Jjiiw U-A ^Epithelial cells ^L^kJI dA<\\ lj>Ut£ 4. -^"l A 

^ 4jiJLiJ1 4£^i£Ji 4.a£.jL^dl LiyL^I f^yJt (jl ^^/O^i-LiJI 

iNeural stem cell2LuAa^t3L^:i^t2L4Vtj>4.t 
Ij^l_>. (j-S-->- f^jja t cA ... A^ Woolf A. S. jjjiJ 4j1 L_aJjj ^ ^ 

o£jUu Jl^ 4 11 irf^aTI Ij^iL^JI ijK dI (jr^-L^I ^ ^ 4u^Jlj^ 

ciUj tsy^ 'T* 11 ^ j mill aLLj i~iA^ Vtj i^^y^Lo-i ^1 , \ 11 


J^Aiil j-dJt A 1^1 LjkijJi^lj I^aAI .A A^A j SJlC.1 I <1 A> 


J> J- 























Lt^'l >JI ^1 4ijl ^1 4_j ua^rtJt Jujj (J'*—^ ^^ ^ ^ 

CjJL^J I ^ <J IJ t i-Jl l^)-li3 VI 1 i u «L%j1 4_^JU^I 

. L(SLi-uj L^JliejIj Cjj d"« < »i ^ ^^■■‘'^‘'» cl4^i 4^jLi9 Nichc aji 

Li^iL^ i^jlII ^j■ ■■ ‘^' ^1 j * jJ*^^ .*lj. i 

(ZjjLI^I IjU. LlI ^ cJd^^ L>^ ■ ^ ^ ‘ ...Ml L^iL^ f^A 5 “ A 

tl*£jLjiu (Jjbj ScjI jJLj (_7-Jj (Jj)'*• ""> (jl 4_i_ja^_*Jl fiU^JL^l 4,^il-^tl 

^^SLi jL^i :...in LjbjLjIL>>t ^4jiCJI 4jfc-LiJiI «Lu 

CjL1j.j^I ^ j j ^ CxjL^ i(jAJ^Ji L>^ 4 M t 4 4i^j_4 4 ^ j "n 

^ ‘ * ^3 4J^I_^ 4..j1£UI i^j£. 3J^j ...t^l 

(jl jai S 4 jK II Ly.^ 4-~ !i Lc^ i^ju I i^ljL_il 

^ . U^H frLul 4 J 11 111 4_^jL:^t L^L^I 

fjiiL^VI l Aj ^ ^ S 4 jKH ■ ■■ * 1 jj U l2uL^ cjIj^ 

fjl 4JLiL^I 4, j I I <1 a 11 4.^Jlj^ 1 4.^ i ^ ] I ^1 1 n^v- 1 i'4-^-J ^ L>^ * j'~‘^ 

(J^ aIa-Ps-u ^ ^jJl LjM-i^ ^1 Jj ^ "n 

4 ^ t 11 4al>Jl 
i^^iii *1?^ A.iNLW (^i ^ 

4 la ill V 4lj tLuJ^ 03 ^ ^ 4.j4J^'L^ 

^1 JLJu - 0.5^ o* t-i^IL^ ji L^ 

L^i^JkJ ^ Cy^3 ~ i^U ^ J^all 5. V :r i I ^ ~ ‘ *^ lLi£.j3I 
cjLc.lj^-i^l 1^ tjAL^ oLj.1^1 jl^ ^ ^ LlJd t L^ j. s ~..."j ^jLjJI 

cjL^^IjuJI J ' “~ 0^ V L^i jL^ i^jl^iJI d^ljJI 

t4_i_u^ ^j .mtl 4^j 1 ^^jja 3jjL3t^ d_ t . .A La oljLul^ 3^ ^33^^ L7^ 

4.^1^ Cr^l ijJ "* j^4 OjI^ ^ J,*» "l ~ J i 1" 4 

^ )^L>J) 4jK!1 3Jb3 *_;■■■^^ 


UttI ^1 J$\ sU« j 4^1 


4-uJ 4_^LL4 3 jIj^^ ^jJJ 4.L.uiiJLl 4 _j^Jl.>«J1 4 .JI 3 JI a t " . ..1 

*4_jS[£^V 1 (jjjLi-u^ cr^ frLua-C.Vl 4^1jj , 1 ^ a 4 dJJj ^ . 4 jKll 

^JlU 4 w. i 1 1 4—L^ JL>JI 4 jl-^tt 4^1j|j j^jA *»_4 4 > 


















. 3 jIj^ jlcI III4 *4 jlfCIi 

i ^ Ijj) ■^-~ T ^ L^J~^ ^ 1 ^ . ..I [jjt 4 —lC JuJl 4 jL^tl o' L^! 

^&4jt ^"< '*■ Ml A Ajj Abb^ttist^ i~i mj'iljl i^LLajVI >-«^1—Jl 1 

tgjl ^^Lc. ^UaJlII (J-A ^ "■ ■ .11 4_^Jl-^ 1 4 ji ■>n ij-di > V " i nl 

Jo-isj t_^jJl jjt >A t^L>Jl3 iUretheral obstruction _ iJUJl 

j| (Glomeruli >^Ljl_u^LII CiLL^lJI l aj ^ i...1 (^liiJLlj 4jKH 

^ (cIjLjL^IJ^U 4 jKII L^Lx ^LAji^ O"^ 4 ^ j.:^l L^L^l 

* II 4 jl^t C 4_^ji .^1 ti 4 J f ■ I -xti 4_ii£Lll ^ J ^ *^1 (J-^ 'j '' 

(Ischemia ji ^jJl \ (>>j! cuaj Vui.l L^ .('^'^‘^) Liiaji 

Jl 3 La "‘J ^ 4^j^Vi L^L^I J 5 4 4-1^ L^>^i 

4 t.l-LiL 4 _u 3L>- J-al(j^a-4-(iJj-d]i ^J^iJ>.LJ! L^li-ul Lq.^ . jL>. (^^1^ J-*^ (^| 

4 2 U\a uiljj (Stem cell factor 

jlLjijj Ljib j ^ -*■' Li ^LaaI 1 4 ,J!SL 1 I jj) i^. all 
j\ <* ‘ "** 4..jiSLII 4.jae-i^i f^A i_Il1j La Dutficlcl J 

>o LM^ 4l^lj Tttj L>1 L>^ i A 4 (»y I 

ji^jj C>^ ( 4 al£LIl 4 Te.(^Li ^JlJI ^LlLai 1 ^ * '^^,* (l)^ 4 

j i c. d»_Sj^J<aJl jJlA Lin F. Cy^ j *» .5^__(iLj—a ^ j C cL_2j^^Jcaj tjul (jl 

djiAliLd l^l Lq^ ^ ^UaAJI m 

. ..’.t! (Epithelial cells 4^L^J^I L^L^I i— 


a j S ^ SLjvLAII ~ ^ ) i g(*■.-»• I i-aJLlJI 

CjI ij^^~ij 4.(J1 ^1 (T* * 0 ili 4_aj^^^ StoklTian G ^jLa^^ 7 i-( II a 

4 -jLa-C- Cr^ (C^LL^JiJ^L] a jlj-a (Cytokines 

jaLlull (jr^ jl 4 ^Li^a.ll 4 j_^i^l 4 -alaJJLI 

1^1 - L^l lILIj ^1 ^ •• l 4 ^->> 1 - 4 ^ L^*!^ ^j,a 4 j^ju L^ 

L>LL ol ^ILnaJI L^LL lLo- ~ CjL^j"m mil 

;jt L^J a 11 (Granulocytes 1 5 * ^ ** * ■ 11 l ^ 1 j < 

^aJbL-uj (ji _ f^T^aLijl L^i^J . L^i ( t4jl 1^X1 4 jKII LM^ c-UbJu 
S 4 jKII 4^1 irf^yi ^j_a ^jji 1_uL.j^l 4-C.j-i.ca _tJ1 



















^Ijol gUc9 


11 ^ f a 4 j£. jLj>Ji Lusjj-cai.j JU i* a 

^1j H-^Ll<^ll (^J^lSLil .ijJl ^Jlj^ ^4.^L«jUJ V 

CjIjI jSr\ A <U .d jKtl f^l i ~. ^UJJ (JLt^j (3"^^ Lr^l 

(jt l_a—^ .^aJojiil _>> S kiaJL) ^ ■■ jTj C!ytokin6S CjLjL-^— liVi 

4.j£.jl^J 1 Ij^iLj^JI ^tjL3clLi_ul (^L>> cUlxLkj Yokoo T 

j-^Vl i(jJajjJLl (_jJ-C l-lJ-X-ij i I C. (Jj-4J 4 (.1 ,_y^.^JfcJl tiill (jja 

^1 iy\ "i '^L^l ^4^ t3j_:wjJLt A 1^1 A tl 4 ju^-uaJL ^ ^ 

Umbilics.! J ^^^jJJ ^ * .^..ti 4 -j-^jl.^I Li^'l^Jt ^" ■ ■■' 

S'’''' - '’^^') 4j^I .-. 1._. ,<' I oLLfllUl ^yui cord blood 
(jl lILII^ ((J'O^LjJI I [3-^ ^ ^Lo^^ILi-u 4JL^ La 

oj Lcl—iJojI ^ue-jL^j ^l_tj ^Lc jJ^Luu j^^JiiJ 4 ^ )^i ill 4 j f, 1 ■^11 

• uj—L^JjJL LliLj_i-Ji^L 4_j^^jJl 4 j, fjVi 4—jLi^l ^ ~i ,a 1 ^ I a t4jK, M i-,,) j.in" 


(j .lam ^ ^ItS ^ 4-1.-^ iir ~i U 4 ..j-jC.JL^^ 1 Lj^M— 

4 x)Un.i (^1 jjLa-Ju L^\ Ijj^^ iGIomerulosclerosis 
4^jJI cjIj.-j.^.A.I!j 4^jVI 5 :U ,tl L>LiJI .Endothelial cell 


ajL&j ciiSjL^ aLLiaJI C>~^ 4.^^jlj^I L^l —^1 3 ) id__^lCJL 

4^J^I frLjj C^jLu luiaji t^Lt^i.! Aol^l .W^a ^jrfi_iJ aLljj JkjJ^Kj 

. ^ ^ ^ ^Lii.]I ^ l_^ ^ ^ ^ La^ ‘*"'''^ 4_i£.^ t ^ I 


Carcinoma tetfll 

3 I t4_aSLj^^^Vl oLiV^jL jjT*— 

^jLa^ 3 ^L>j^..TLi t 1 i .^11 ^j ij^ <Lj-C.Ju9JI L^iL^I 

^&.4aiJ J^Lc I^^Lil I aij 'V (.lijj i j il 1 j I 4 a jLi'li 4 •sr i in'J\ 

3 1^ i H.6X~ 1 ^ 1 j ^ a 4 j^^_uljJ 1 4_l£ JL^hJ 1 4 li '^11 a^ 

jl (J"^ 4aiSLll 4 jLi-oJ l1jVL>. tflj)~ t n a 

^JlA jjl ^ ^jJoj—L, u-jJkl ...nl (_tlfl ti ^ t' .\ >J| L^'l >J1 4J^ 

Lj jL^»tj 44-^LL»^^^.k^ I ^ ^ V -^tt ^ t^l -^1 1 4 jj.U\iJ I ^ i L • ^ 4,je_ujJI 

4-^jLj^t 4^1^1 j L^^ 

(.^JL^I ^1 4 jiL ^jJ I Iili 4 iiiM JjLoJ ^LLo^ iull ^ ill) fjl 




















4jiJLjJl LLA 4 j m iTl JLilLiJlj 

4 J f j—L j^'I— iJl 4—jJ_a J 4 (jI—^ ^ ^ (J^ (jr^ 

f_^_ijLJ 1 Jubj t3Lj.>iJl cr^ C.<-al J La ciiLubj Lu^ i4^1_L3j_i_uJl 

^ ^ Ij-jJ-x L)3^ CH* (J^ cIjI n '^1 ^jl 

^LlT^ JlS I ^ ^ '*^ _'j L^ t ‘ It ^ i ' * I lIiLlI 1 

4_j_^J^^>Jl 4_ji_:^l 3jjL ^1 i^JLJtJ «.l_C.jVI ^ j r ^ —3^1 —lL 

. llDj..i_iJ I ^ j^ I 

(_^J ^-jL-LM-i (_JS^ j_ya 4._^JL>Jl 4aliJl ^jl tiJJj (J£^ ^j-a LlJ ‘^"j3 

i LlLk jl^j .<L>^^LjlJ dj^Li-u Vj-L>^ ^ L^lj tj c. 

t—(j-o^LU i^ I <**■ fl ^t_Lfl_i_i_u tl£^ 

• ‘ I ^ I fU \j-a ^LiU t3AjJkX._^ aJuJL^ 4_i_ilo ( 

'^' jj-jLLs ^jJ) a rtj L>^jLll (-LLUjI Lai JjLuL-a ^ ■> ,..<ui^ 


^Jl£.J 4_^j^„i,A,X <-3j.u.a.3 1 LuL 

3 jjjLjjJl Ju CjT ^Jt La^ *l5^'-'_ 

cJl^j 3S I Jl^ JliJ lj>^ t C cLj t • “tI Cj^ ^-i-u fC-^-La ^ t±i V 3—^3 

4 ^ 1^ tr. 4_^Jl.>JI 4 j I 11 L aI (JluL^ 4 j . .^ f Lusl^^-ai 

aLaj ^j^^J^^aJ ^^4jt La£ iL^^Lc. Lr^ ^ c):* 

5 ^ 

4-1^6-11,1 4-LoL^ 1 p. a >1... -wl < ^t La lj-:^ijL-iJ L^L^I 

Cr^ A L-uJ^^.^1 JLaJI t * * « ■ ■■ .^Jjo alj 

.tLUj ^ * 'T'' S^.j. tSLi I LjJLLc 4.^Jl:^ 1 4_il9Jl CjL^jI 
























«* 

«* 


)S4j «Lj|^Jl.^I 4_lL^I jJJl ((I '^Ji (j^Li (J-^ 

Jk —Ml '^11 iJ-A : —ixfl tlr* ^ J ^ ^ j' 

4 ji> 11 Lu 3 ^^I.V.iiV-Tl, liiVl 

^X a ■0 ^.aIj L« O-^ 

4.-iiAj| ij^-d .<._jJbjJl j_jJi£lj (JbI j— t *j ■" 
\u^ L,i-AjJlS t 4 ^Jl>JI 

(jLiJ, 4a^J ljkJI 4.^iSiJ1 ijl *x 
L^jj ^ ^ j ^ d ^.1^.* o] frl 4itlij t JbJL^ 

t3i—^ Jr> 5 >Jaj 

JLi) . L 4 ] ^1 - ol-^ ^ 

f.\ _qi^l ^ 3 LLc. t-.rt ". 

i ^ 

Jjl Vj • (J^ CT^ jLi-V! L^-Sj^j_^ 

^ j (jO^LjJI jLl^jI 4_s^V 4-3l^ 

cjI^^ t <1 > ^)Mill (jjJLi 



^ ‘ ^ t I ^ .l-^l ^ I "i!Iij 


1 j-A ^ 

u jJLfcj Jl 


A»s^ 


J> J- 















V^ll 


l^^JJWj-l ^jl ^ ^jtl ^jlj^Ljjl _ (.ijjj _ (J-U-Ll ^ 
t ‘ I ‘' jj ij^ d “tl 4_xLaVI t_i_jlj_:^l j 

Jl^ L7^^ 3^ L7^ 1^-joI jJtILujt 4ji A C. ^Lijl j ^ Jiit ^ MigU 

L^jjI .^5^jl 11 4 jlgr. ^t,vV~( ! .1^0 L^ju^.^ ^^ '^j ■ ^ 

lLLo 1 Ji V jMt 1 ciJLi-A jJjb 'j j ^jLJLtl lIjI j Lj i4jX.JLj>J| ^ jl-^ll 

Jjb )S<Lxj_Lfl 4_djLj A ^1 . n ll jl JjJ_»!ii_a J—i-T ji j£L4_uJLj 

4^jV1 (J-*_^ 1 4 ij—^\ ^jjJi_1.1 li A III 'Ol (_^ L_<i f^-j—^ 

a ...1C* t\ jjAjjL.>ij i^j_i_u i.iijf ^t J ■"■ ■ -* ■ *i^ ■ ^ ~... ^ S4-^Lj_4-jSLIt 


liIIjl.^ t~i ^j| -.-(Jjfc S4_il£. tjL^ L-fl ^1 (j-iajjJLl (JL_3tj 

(jjj jj-0 4_^ J "i < M*! V ,ll Uh^tl jjjjL^Jj cLoixIl ^Ij 1 

4j cIjI JlJJl^ LiJlllb ^Lj j t I~|J ^ 

cJt^J * 1 ^.1.^ cll'Mx.L^I S~i I (i~ ^1 4 jl V 11 < rtj^ .^ooiaxll 4jLjij 4^jjj 

4 rt,,j,3jJl 4 IjLi^j O^i ^1 - liJUjit ^L.dJl lLUj . LftLijJ 

4l\>J jJ-ti ^ 4jj )S^jLa^lj jkSLs frU^l (jijJ ^J-o 4_-4 jjiL>J1 

4^L^j Cr^ ^ ^ ^~3 LojI ‘ , 'J 

4j 1'^TI ^1 t4JijL^ ^] lLUj t4jjij'>ill 4 j^^^I 

A t U'^H L^Li. 4*^ Uf^ J-jbLjj-JI t jU-ii_^l (Ji*JLJ P-(_j-*i (^1 

LlsI-j (jl 4Ja£^^ i4^ 1 ^-u^£- 4_]jJ i-a4J^^ Lr^ ~ ^^-4^VL}^ . jJt 

i4£.LlIlj 4^i£»L.>Ji 4 j1^L> \'. .^., al\ Lo^j . LaJL^^ L>‘^J 

4^jj^_ij| i jJ^ i^jji 4j.Al 03^ ■“-'*'1 LjjLi-iL>-l jjl Llidj 

I L^jl * L-a^ 4 < MJ ^ Cj\—LM^J—^ riiU jl ^ 

4^Jl:^ 1 4jljJlj ^J^J^l]^ (jUs IjJ ,4_:ie-4-ajVl^ Li'ljJl ljj^jjiJI 

(j"i '>■ L^j (3^JLlij l 1^ 4-^LIL4 4_uljJUj jJLA-J (jt L-fcJtJ JLubjJt \jJb 

• i iiJ 1 a 11 fff, |_jj jLfa4j.4 I ^ 

^ 1-fc.tt 4.al9JI t"'l aI i^“i . ..1 ^1 

^1^^ 1^1 ^1 '*~‘j i4^jVI «Lc.IJl^ i—^1 *cJ^T aLx-j^ jf 

^Drug screeningVji 5 ^ u-J^ o' ^ jlj.v. -w 





















gUall ^Tkjr^jill ^ 


i^jji JLjJutJI 4-^Lt-£l ^Jo&Iu-uJ i^JlU ^^SJLI cL^JL:^I 

^ j**- (J-^ L7^ 4i^Li!uI1 lI^L^j 4^jVI 

_ ^ j* ‘ ci11 i^lJ LuiL^aui ^jpitli t III! <■ 11*1 “t i irLi _ j-iliJ.! ^ 

jt frljjJl ^j-a j£Ljj ^ l>^3 SjljJlc. JL^t j3\ 

4_c^Ll^ Jl t iij cr^ t _ jJ^ ijJ .^^1 jl! 1 4 jlttf 4 ILq^Li-u j»jLc 
i^JLA 4.JLC JL.>J1 4.ai^JLd i LLat ^ -i 43ll^ U>3^ d)^ ^ i JLiJL:>> L^ 

. j^£. jl (Jl^ *^-LoI 4 JLLi_u 03^ ij^ JuV 5JljJl 

Tissues '» < II iVl 4 ly.UA 4 j f.jL-^l L^'L-^1 l_u3ijl \ V “j ,4 ul 1 c ^ 
4 j5_ajJI 4_^jV1j ^_J_i]l 4 ,..‘ii^ jlL^L^ ,^Ltia_c.Vl ^Lij!^ engineering 

^ -^"H L^L^iJI ^ 1 MIt^tj 4 _^jl^JI 4jl^JUa tj 

‘ ^^Vij i4_4-^1xm 0.5^ ^ d ^ ,L-5. IjJ itfju^ _ua-C, jl _uij 

.^IjjjVI 4 jl ac Jju I u,< 

4 i^L^I • 4 j f. Ju^l 4ijl^|l fjjS _ i ^ Lift U^ LL^ 

. J ( 3^13111 lLUj (Jj-^ l^i<<a.4^ OJ^ W£>^ LujJl>- 

^jlSLIl IV <^llLa IjM^L$ ^1 jJij LjJjI lLDoJ 

I ... L^„.,^j jLj^ • l)j ".* J (3^^^ tiJLij^ (j>^ 0^ jljV 

5Sit,I <Lij^^l Li^^iL^Jl 1 iM Ll 3-^j.xuk^ 3.^^“'*' d)3 L^Li-ujal 

JLSJ^ 3-*^*^ J I ri_^JL>0 

4_iL>Jl 3-a 1 jl—a djj ~‘ JJLjtJ 3 ^ JjV iJ^_j_aJl^ 3^ '^~ 

^ ^ -a 3^ ‘ i 4 _jX.JLJ^I 

^1 S^jjL-iiiij 1 :«Y ^ L^jiSLui-j ^ ^ 

I ^ Jul>^ S4. fjj» •sr a ^jj ^1 dj^LolLa L^'l^ L^jJu^ 

^1 I n ii'iVI Lr^3 V V "4 I iij frl ^It-ll t"iU 4 Ud 1 

L^jlua-flj J. i*^l 3' 3^ >*' l3! 

l<u Jncomplete differentiation JjUiJI 4i^4L) ji lal^ 


jLJtJ La^^Lcj Jd "i^j ^ l-4-)t .4_:v^'t—c. jljJLI j) iJ^ *n 

4 1 i nL-uVl ol I it<vin ^xcaj 3 ^ 4i id^ dJuJ^^I 4^ i iTl 3^ i jj_liJ.l 
-1 11 »^ t I ^ aJl j» J ■ ■■*^1 . ^L^JU 3 ->Lj4^3 4jIj 4^ 3^-a^l 

V| hZj«L^ Ldj idJLdJiJ oc.L>. Ld id^-iLd^l djLjjL>J1 4-i£.ju>JI Lt^L^L 
























|j_ij LiM-> ol-^ ^jji 4-1 La t ,I«~T1 <* *j *“^ 

Lua^l j “^ji ^ j ^ ^ ^! Cy^ Jj ^" ■ ■■"* La L^ll^l 

4,^ 11 4, J-Lll j-xj^ Lr^ . i ...<j L^ij^j L^IjlC 1 Af iU^I 

([jui 4 _j.. 4—3e-^ i4-La Ij -^ ~ * V iLaLoJ j LM ^ C t4^jJ^1 

. 4.j^_t.M 4j.aT idJjjL>. 

L^LjiJI t^dlaj 4.2 ^LuJ1 ^Jj itl Lj^j Llj^ (J^ 

^5L*Jl 4^jL:^l 

^ (J'J^ j 4 j^I L^LiJI (JjtjO _ 

dH-^lt 4*y M 1 jj-^lil oVL>> cL^LJI ‘ Stl L^i^ jJLa 

‘9 

.4jv^l^ La j (J^L ij\A-A ^J^^ |3^-^ iJjjt^^ dljL^ a. _ 

. LaLcJ j ' *^11 ^^LlII 4 A, \ V~i mU 4 jf; J'sll 4-il^Jl Qe^ ^1 

ljubj (4 j^- 4JI 4-4j)i t a ^^^VLaJI 4 4, li Vuull ^ 4 jl-LJ! 

l-^A-jg JpaLlIIIj \^i '^Lajo 4-^.i.iivj iL^uic. tkJI 4m2ij^1» ^jAjju^ ^Ja-uiJ 

Laj (cluJu.44XI L^L^l ^ju^ 4 j j.u.A^ La ^^-il 4 u*JeJ Loi^ ij-A4^«.ll 
a* ^Ti^x^U L^L^I ^li-v L^L^I (1>^ ^ *l} -^ 

aj^^LLI 4 .j^Jlj^I L^L^I t-~<i A J- ^IjlJI Jaj^l ^4^ -V 

LjjJ 4-^^-ja 4 J » L^L^I jJLj.oH L^L^I lUjU-^ 

.^L^l l^ ^ i L ij 

L^l .V -^"i t III (3^ ^ ‘ ■■■La e^jL^ JL^ U.,9^ (j^ 

ji Toxicity Testing 4-ja ^..U ^^jL^yi (_y^ 

^jlj_j_>JI 3L^ Ct^ 4_':r i it li 4'ii JLfl ^jJl 

^(YVO) ^ 

4_tl^l aJLft Lj->^^^-i-ju 4_i-dl£LIlj 4^L^I 4_d^jLJLI * 4^1 ^^)OJi_iJI ^ 

Jl^ 4.dL^_^lI,1 j ^jLiJjlj CjL>>L^jaiJ (jLb-4 lIILLa U3^ ^ ^ ^ ^ 

. ^ C-i^l ^JU (_^U 

^^LJt liLditFl J)L»Sri p 















gUjdl ^*i^jr'vair6iJliJI pl^^jLiul ulspfoaaAS 


(J^Vl - 5jj aj ^ ^ jjLua^ 4_^L4^I 

d t ^_. 1 11 Li^iL^i ^ ^ '"**j i4.^jL^i L]^L-^1 ' jg"" ^j ‘^W _ 

jj ■■ ■ ^ <1 ■I'^l ttt 5^t4.tl 4 Ji£L1I Li^L^ ju-^^ Lt^'L^ Ly^3 '"Cj ^-^'^^' d)-^ 

d)-4 3j^^Lll i^JlILjJI L}^4_3Jl LuajI cilLub^ 

HSCs. ^jlU 4^ti^l ^JL^I LMJJI Jl^ M.^n 4 JlJLJI 

1 ^ ^ d)J ^_*-^L^i 4_L^VI _A ^ j ^ 1 -fc.U I_Li^jt lLILLAj 

Lj!^LiJl SuaL^VL IjL^Fetal stem cell. Lc^j-^l ^ ^ . ^ dru 
L^LiJi ^>a ,~\ ^p (^\ .Embryonic germ cells 4 4 j ajj 

dj^^^ '" d>^ ^ j'j'^^ ^ j ^ 9 kJ 1 ^ t gonads ^J^j-u^dLLj 



^ ‘^-J i-_d^^jLj d)i Jk-)^ (j-u^ jjLui^l ^ju^ (Teratomas 4 j(i.^ -^Ji 

Jl^Jj 4_u^1 l1jUI^^.j>.| Ljl^I Lill-Lft ( L^l/a ^ ^ ^ ^ 

:dj.5^^1-dl •.iJJjJ (jJuL^Jll ljub 4^-b^j 4^^Lu( L^ Jj jl i~r VI 

fj^ • 4^,1i'^!1 LV-^dl jjuL^^ . ji,i 1^11 d>^ ji^dJ oljl-j*'^! ^1 - 

> ^J| ... 4jjJcLdJlj j ■ " (^Jutll 

djufc dj^ u^jjj—*JLI d>^ .)l-i51.II 

t ^ t~ ^1 <lj Lk_a-S ^JLct d)^ cr^ < rtij5^i'*^ ( .i X il •■• oL-mj^ j rtli 

L^ij 4 l:>JLjJ.I iAiJlj Hepatocyte stem cell ^JuSdi 4 j1^1L 

L^l cjL(-uJ[^.^AJ1 i^A 4jt i-_ajj^-jLll d>^ 0“^^^ 

0 ^l£. a . .^"i •“ ^ (4-dQ ^ > i^'tj Host ^LaJI 4 i\^ LjJ "t 'r') (Jj 

4^1jJl!I ^ mill drV^^ Ur^l ""^ * *-dJjU 4Tr4()lj t L^LuoJ (J-a-*J 

^ j ^ ^ 4_^i^l (JL>> d)^ .d i .jrtn j\ 4^ljjJi ji 

^li^J ^ ^^iexILl (^^^JlL! L^ 1 jLiu_i-((I * L^LjJ ‘ ^ 

(^yj^ 4JL>J1 tfJLA (Jj (^VLjlII 4 jlqr jV-loVl (_yl^ 
Jl^Jj 4-ua (^jJI -^^^-3-11 1 (^^1 Pedigree ^ ((ijill OJ ■> nil J-al^ pj J rt" . 

jJlG (^1 aLLiJ (J-***^ ^ d)^ wA^LGU (4,^Jlj^I LjV-^ 1 dJL^ 

4j ^jL^I ^^^Vt a 3 -V. \ <j 3j-ALIa ^ _i r 

Jul^^ d).a.d>^^ -lI^j J^LGu ^c_In.uJl lt^ i Aj) ^Jlc (,7^ 4ijLaJl 
4 -lCJl^>JI 4_lL^I ^Jl.^ d)^ L7^ (AIjIjlJI ' ..../U aj.^K-uu 4.mIjJ 


J> J- 

















^IjlILj LjjJ ■ V^ a . 4 ij t a 4j ^L>> 4 t inLuo 05 ^ 

L)M—>• - 5 ~ d ^ ^ ^ 4_4S1.>JI i^jja jj ^ 

jl^ *IjJ 4jjJ 0-® ^ jj-4 . 

4.j_ifj^JLa < L^La jj.dJLJ _^l * 4-u:3L^iJI lIjLu^nJI 

2 iI \ 4_t_t^Ljj£^j_iJ| 4JLtLiJI 4^£. JL>J1 4^I^J1 LjJ LiLiJ 
4 Lj^LJfcj '^N ^ i^t «< lisll -j-^l JLji—dj 

(j-Lloj—d O—tl)--® 1*^1 4.jX. j—d" d 

. I ^ 11 

cjIjL^VI - 

Ji l.wnd jl d 'a-d JL^ ‘J-^^ J? ^ ^ 5j rtUT 

. Ij^<L^ 1 ^ ju^ 

^lf3. IJ 1 11 ^ 1 ^11 {_y^^ * L,V^ I 11 ^ 11 JLj^ 1 ^Jl I d 

Ju>Aar"*^ *OJ) 1 w .* SynUClcifl 


Neuronal Progenitor cells 3_ajyvi L^UJI ^LLJl uy^\ 

alx-A 1 -^--" . - I ^jU .<t__j 

Ld-^ ...f XjLI j^Lja a^yi^tuVI ^ j «• II Lj^A_^) 

Irw^) , - 

• l}^ Cy> 

a-iiljyi (jl J-Aj *4 dlt 1 ijl JLjV JJl_*^ 1 Ijufc ^_y3 4 - 4 J 

yi^l ^J 1 ^ C»^ tj^ 4 ':^j‘i-> OJL>»j 

^ T J " ' U^ L>^ gJLLo 

tt I ^_7 ‘^ ^TClII Ld ^t \^ *.* ^'‘^ ^J t -j iv^I ijliL^j ^ 

LJ L^ (_yj 1 jjJ I ^_^jJL 1 4j I 4 J ^ 1-d . I LT^ ^ ■ ‘' ■■ 03 ^ Ld-d 

j^ t /T j A L-> jJ-L'^! d ■»■ j~ 1 juc-i ^ I d T^ ^ ■ ..t \_) ^ t d ^ j" I Jlj^-} 

i^y^ Jli. ^yji gj-ij 4-xiljyi ^l^td4 UUJlJ (jji_^_i.uJtd J-^ 03^ 

^j-d 4-c.^.d TT^ jjja ^ ijufc 03^ ^3 ^u^3j^ Cy^ 

_ t ^ ia f,j^ ijji Ul j Ij _ l^ id (J^ O.^^ 14al"i 4JII CjL 1 ^J^^-JI 

Jj_CJ (-3jl ^ ~ 1 ^ ljLa-3^*^ 5 JUU l_3^;-jij ^ Oy>-^ uy^ t>d j_yjt J_3 
4 K 4» dU ^ S j a U I, t i iwti «_d^-3yij dJUjL.>ijj 4 faa j 'X 

cdJ jJ . ^Lili A i a • A ^ d\^... Ci III jT d J \ ^ r-. J 






















(J^ i^jC. ‘ ^ ^1 <Lj_^jLj^i Ij^L_>JLj ^^IjlJJ J^J-^ Jj I rt A (_jj9 

4—^1 \ -if ~i i« U 4 j c. I -^tl "t ->il 1 4_^lj^l 


^oaI ^j£. < ^ .^X n JuV 4j| JL^ 

5i \ty t^SLuij^JU.‘t-v ^fc WtnA -t 

iblj^ *4 UftjbIX|^^ja^4 4bl4AXl u»i ^UijjJkAj 

Lj^'L^ jl j" 4-lj-ft^ t~tl A ^ l£JLla 4-^L(juJI ijj 

(-11 M I 111 ^JlA ^1j tSjJ^ A bliL^-i^lj^ 4 n»»^ ^j^LaI 4 ua <a 4j£.JL^ 

Jjj-uu ^j ft '^l l^jlr ft 4 fjt ft L7^3 (J^ 4U < j j~i >*i 1 

L^LiJl (j t~t iM (.ill t-fljjia j-j-j-iH jl iJli' (_^l (jl^ • 1 

4.^^jl^ i 4. * . ..1 ^,ft£AJl LiUjJ * jl L^—ftLui-^l^ 

JjL^ aj^j^ Cjf^\s^ LLa C>^J * J ^ ^ L>-^ 4^jift_ft 

j y ^^ ^ 4^JjajJ1 3j,lAii alxJh J^Lk ‘J L^'L^I 

ffti^J ,jja i^lS^ jyJLC 

I Jl^ ^ A^lr.LfciiJ Lft^ . JL^ ^l^.ift-'ill Ij^jJU ijl 

t^jj^ilnll ft i i I Cil^ <1 Tf ft ^ IjlS^ t4_>o3^UI 4 ^Ijljl) 1 Llji-dLu^y I 

ift^^ ‘iH (j-fti^-c, fj-a J^jj^ ujjjjj tL^_ij-&j (_^i ^1 ft Vi 

- gLtg.. l^ll d li^ll 4 _lLoVI CT^ Aj\^ I. ,.\\^ 

\ '.bs-wVj iL^iju d 1 s~...:a djC j.a[ 'i I \ 4-^ jL>J) d il'^ll Lj^J^ 

^ 'J ■ J ljk- 4 ^ i~null JJuftlll^ t nfl )VI J 4jjl^ ft~i I i»VI L^j. 1 aa 

JlJIu l^li “K (^^Ij^i ^^3 J J ft"> Jl^ La Lt^.i"i Llillib (jLj 

^j.ft^ i^^LsJI l^-jQiV-V" 1 . 1 ’i V lilt y\ IjlA^ t L 4 J IS ^ 4^^-a^jJLI 

Li' l 3:* *L:Hby' I ^ T ^ J* ^ ^ g > Li' (jr^ lij-^^ 

L^LaJI J- J •" I ajy ^ .(JlinJI IJL^ ' ^ 4 

I djl^ • A cjIJ cj[ 




J I . ..V 4jt^L~r \ 4 J f Jl>J1 
JjV LiiijJ .^^LsJl 4^jL%3_i_uJLt 4-^ JL>J1 djl-Ltl I Aj. i J 

4j^JLj^ 1 L^L^I I^ j4 ^ i ii5 n 4_tlfttU ^^^LlII aJJ^ ^jja 

i ^ ^ (, 7 ^ ^1 ^ o' lJ^ ' U ^ft Ij^ O"*^ 

. JjL-i/jJi^ J^ ^ L7^' 
























^ Vt»H /V- .1^11 

^ 1 1 LjaLoj ■ * I 1 jl o ^ ^ 5 ^ .. ■ tl ^1^ 1 JLA uLiJutTu iJjl t 5~f. t^ 

v».‘'..f.-..ll^'^d*r- i-^tl I i*\l -wilt dL-% 1-^11 di 11 .11 u' 

j^—^ j' «u^Vl jL-^ 5 LiL-d_a *^j)ii^U (jiijjL^lj <L.4_^t j-^LjiJLI ^jla 

t4_^jLj LiJ) (.g TT-dj 1—I i^Li-a (jt JLtV dJL^ |3kj^*UI jL_i_ui ^1 

^^jja Scrum <yli JjuaJLl (_p -4 iA^Ijl^I ‘‘-‘t 1 cjLj^^La LdJji^j 

iiitx ^cLu ^ Ij^LiJl jtj-xbl 4J Lo ijLdjVl 

(BSE) Bovine Spongiform Encephalopathy j-_ _ lJI 

. jLdj^l dJbJb j^i^t juV llUIl) ‘jLdj^t 

{J^Ij ‘ ' ‘ ■ -j 4jt L~^ fi i^^jJLi \jjt (j-d jl-^j _ i".^.r....11 

V “| ml ij'^ \ I^jt 4 jla C. 4^^L_w ^j-d i^\ udJluj i^JLI 4.j%_iuijfj 

^ ji^LLi (ji j>LtJl Neural stem cell 4 j u^dTI 4 ^oj^I 

(J-d-JU uUj (J^V .j_5-Jl 4 I I Mill jlV~ L^jI 

-ja iH I... 1. 1 jLajVI J I n (Jli V I "l ( itl 

Chengcheng Zhang ju^^Ij , 

) jljk^ ^,.^.^.II (jj) <-u.j«idLuXt Prion (PrP) (j* 


vIjU 4^1^^ CjUj^Ld 4j ^jJl CdLjJlx^i 1 - aLi^H L^Loj 

. 'i*M La£^ 4^ ^^ 

4 iiUl j <j i'^tjL^f LiLdiJf J-iJLxut-T' 

; Mouse embryonic flbroblast feeder cells CuIIluXi 

ij^$^ (jl *■.»'yJ 4-a C, J ■^fl L)^L_^1 CjL i Iul (J~^^ Cy^ Li dif. 1 -d ^ 


• Ij^L^nJI pi... s^Ij j--i^il 4 _u3L^kJI lzjL^Ij^->>V1 't 4j Cd 
4 jl'^U pl,l, -VJ itilj 4.u^L^i ^LdVI ^dJbl jJb Cit Ti 

jl t~ -Ll 1 ^ a1 1 ^“ . ..1 La^uI d ^yLjLil ^ ^ "T" 


4 IIIWI <Lci i 1^ 1 j aI I ^ " i..t \ . 1 ^"fr 1 A 3_uJl_^I 4^^^I 

t4_i^L^ 4.^d-Al 4 _^Jl. 9^J1 Li^E^t f". i-T, ..I A olj^^SLdUj .4 j^_l>J1 4_uiJu^Lj 

Feeder cells^juLill Lj^Lj^ ji 4 a sitl jLoJI Lj^L^ oLj^SLII ^jub Cy^J 
Leukemia Inhibitory FactorU dj<^i >ln y a J^Lc S^La jjJu 
. j^Ld" lIL ^c-dd-uu V L^_iSLIj 4^c.jLjJI L^L>JI pi 1 ..5 il I ^^ t(LlF) 

































^Lijdl ^CoUl 1^1^ p* ; ;n‘> 

I^L>.|j Jl^ t jL^l 4 nl U L^L>Jl ^\l >—^ 

ftLiia£.l jt 4^ in\\ ^\ Lj^Li* JL Ir jJ-Aj-Ij JL3 L-ol^^l 

‘.Xenotransplantation \ ^ 4-^1^^ 4-^^^! ^Ij^jLi ^ 

L^ IjJi i> MIiijj ijL^I I lij llUjJ 

. LIF (278) 3jLa Li^Jjkjj w*.. r«^^.t t tljU^^Lo l^Lxc^ 3.^„Lgr.4 ^Jjjua 
4j^_i-->J 1 ^ ~ n Ocron ij_^ ^ ^ IjLJb 

^ “i a '*'' * 3 jL^ ' L ■^ " . ^ i 1 T * * ^ i^LaJI (_^ i 4—VI 

Basement membranej^LliJI jjl^ lijLi^s;^ 

. jLAJi 4^, \ 1 11 1^1 ^ Vi I u~i matrix 

L^jJl3j ■ 3".'w t oJljLd i4.jJ^j_>JI 4.JCjL>Ji ^1 L^IjLicHujI ^ 

jjii i^jS 4 li^ViU L^LiJ) fl "w ^1 ti ~ !lj ^1 III rt iVl 

.4_iJum 4_i.Lia>JI jLdJI Li^tV (-_il^ 

Ci./ri I ..II cjLjj^ ^Sj~^ fijjuc.\-i-uAj Li Y 

j^Aul c>^Yl cu^LULl <■ < t Tf I <1 iTtt! (jriJt-.4 ^Liiu ~ \ .^ >1 ...W 

(^1 jJiJ-rfall 4.^ \jli.~i_j^\^ - 3 J d_^i ^ \_VI LjM- 3J1 a. I ■■■._S\lj 

4^ ^ I Cj\j^a : > r ji (J-J—<9 * t *- ^ 4-> 1^-t. i 1 " 

i "j ^ ^LLiq 4 . SjLi.d.'O (Laminin 

‘J I ^ J» • ~ii I jj. 14"ij J ( ^ j t "ij t L^LVU I j I I 

CxCjj L^iVJl (jl .<“4 iMiiiU d^JLr^l lj^t_>iJl &Lnj 

U^jj 4 i^n i«n VtU L^iVJI cJraf I oLLiilijuU ^Jub 

^1 (>51SLII jl 

tl^ Jjl -t 

ajjt (jx. (J^ 4_fljjL^ juV ^^LjlJI AjX-JLx LjJ'Li*. ^ ^ Vi ml j_ySLJ 

:^jjtd juY ^LLo-S ^_y3 (_yjbj LiLVl 

Cell morphology 3 La^i L^y^j> 4 . 

L7^ l-jj^jJLI 4 j\^n j ^ ^ g j ^ <Ljivji 6! :>! 

^ 3 * <^lU j . 4-jlVJI 4_dj.jQjl ^ n jg ^ ^ ^\\ 

Li t ^ **r*^ ^ ' )g ' 1 JL£^ I j ^ j3 ^ 4 _L_ui 1^ 

y 4j/j i'^ll 4a£;jL>JI 4j^-ui-JI L^LVll ^1 ^ * 4 '^ I jL^ ‘J ‘ ■ - 

































(jH* j_yjjLa \ tVi 4_dll^iiJll (^jJj ' 'i^ 

C-i-Cjj ^_yJt ^j .fauJJ I L]^Ll>- jji—c-jj 4_iJLjJI 4 _^Jl>JI L)^^L_^t (j!j 

j ^ ^1 ^jJlUI 4-j_j^L^ l>^ ^-6-^ 1—^1 L-4-^ iAjla OI_(iiiJ jf ^ 

LaLo-i ^ULo Ij^LiJl cr^! Jj '*• ~" jjij 4 jmi'^U ^ ^ ^ >U11 jjjLjiJl 

1 iaif. ^ lI.^^ <^m Qitli LT^ OLiiuJ 4 ula 

4_i^L^ _ ^ t ^ i L.ijj_^ j \1 .^H ^ -w Li^L^iJI jub -1 ^1 

^ ^ * 4.^LulXo —j-*t n"^' 

. ^ ^ Laj \ I rt a Ju JlMJ L^L^l (_iujju 4^1 

Cell surface antigens CtLb ti jiiIfU-u«ij- 

jl ^ j j <1 "<t (3>^ cilljJ aK> V i>jL^j ^ j^^ 

^^yJb 4 aJJb ^1 J-^LJlU jl ‘j * " ^ t •-"^ 

J-xj ^VI ^jl Lil^ 1 jjj . \jbj^ ^jlUU (_^3 cjj^j-Ll 

4 <n1 1 1 (jy-^ ;4ji^ti JmU 4 ij titi^l *J 1 L7^ (J^ ^ t ijlj JJ < utl 

^JSJ aj^ju^^ 4_u»L>- 4 ft,.,t^ 1 fjyA (Jj iUMJJI jj-fl 4-4 .-dL>JI 

^ ) 4,.jl.^.lI (jjjs ^^LilJI 

(j'\'» ^i~t ll j1 ^ 4 —(J^4->0 HSGS ^JlU 4jLJa^Xi 4 .^^Jl_:^1 ^T1 : JULa 

(jl LlLa Ij^ .4 ft 1 iil^l alub J-q_j>ij ^jl tl>^^ ^ iCD34 

5 ^ ^..l^n ^jla 4_i_tiij ^ ...tj \ i>.11 |J.4_j>o j. ‘ 

t M^n*! ^L>J1 4 A i »l^l i^Jil! 4 tJ <jX.-L-^ 11 ^ U i *jl 

4 i i tii LuajI Lll^ .BJjJlc 4-:wj 1 4^UlJI 

4_t^L>Jl CD34 ^ n ■ -'j ‘ ^jJoJLl^ * 4-j^L^ t“tl ,.\j ^J.<i_‘>,j 

4-.dlx-?e a 4 4 —ujI^ jJ'V ^ ^ ^ tj^JLiJ d • i i^ll 4 j i -^tl _^Ij 

Noggin j^^i,4-.i_yj 4 .g. < tj>11 CO 133 g.i n" 


4^11j . i_^• !i Lj^'L^iJl ^Jy4,>«j 1 » n - 4^t^ (j-4 4 ^ 4 -Lv^^^ 

)j 1^11 (Jj>.lj«4 4_l^^wa NF in'] 4_Q_i_ulj I nb a ) 

4 J j-)^ t4.^,^'x!l 4^JL:^I L^'L^I ^Lg'w IjiSLaj 

1 i^jl Cy^ ^ 4jL4^l^jf 4j| 4 t kj 4jLd^l^ 

,_^j 4la^J 1 f ij i<^j (^jJi ^JL^I ^43i j j j i *111 ^Jb lLUj I 4 I n ,^j£. 

.(_^l ^jjo cj^5j L>^ Liji^ jLk 

















6teiiiUI pl^JLLiwl ^IdUI |Qlua5 


Biochemical Markers 

cL) Jlaj 1—1^ a “ I ftVl oLoL^-C- ^-TuJ 4 _^Lj-4-j^ *>Ijl_':fcJ‘< i a 

^LJLa^ ^4 y t n ^j-4 a i4 jl^l 

3j^ll Neurotransmitters ^ Nerve cells 

^UL4 ‘. tti . <1 ^ ^ jlj^^ Lli^ ^Lj I ^11^ L^ 

L^jI _ LLa jjl <l1jI_SJI -lljJLl i^j-A t Aj _; ^j "■ ._oj~l Aj ...Uj 

-w 4 I (■■ fTLj Ijl^Laj - ui4j>.l_J1 

■ d 1",^ 11 4 -y, ‘itVlj L^L^I 

Gene expression & cell type 

4^l£L4j Sj, ". A 1 J i •_> i4j 4 i^\ ^ I~il -v. 4J 

^1!L4^ > Ljr^j \ dJjL.=e_A 4 M> A 4_iL^j ^ ^ *“ L7^ a 

j-uu 4 n t a CjI L^ i4j i j1 2>_^La^l 4-^ Jlj^I 

4J_>^1 (J-J 4_aL>Jl >Utf 4 j jAJ V C*3j cJ"'-*—* 

(j^ LftS (^LllII (J-O <aiiJl L^ 

^ ^ ^_4JL!I 5^5l-i 11 5 , . • 11 ij^_-^Jl t ^,.i...4..4 

J 

^ ... 1 L^~ 4J^jJLI ^JlA ^LaJuu ^ 4i^jJL!iJl 4.*j.« A 01.1 j,,:^ 

^ ^ ^tl dll ij L^-.U ^ dll ij ^JLA 

dJUfc - I >.V t a a "t ^ ^ 1^ (jj-lj 4 j.1-^11 j ^.4-1 ^BwJLj 4 —i^LjJI 

4^‘ 4 j 1 11 (J^lj diij fj 41^ a~l I ^ 1 'Aj. j ■ * " * dll ij '^1 

. La^ J ^ J jjl i^“tVi djljUij^ ^-udJI 4 _Liji_4 4 

I i 'Vj 1—^ i I ^ ^ ' djI '‘^ ^11 ^ * ■" ijuiSLaJ^ Luaj 1 4 ill rt'i di-djJ 1 

|^J_Aj ^^t_c.VL£^ d)L-4_4_j_i^>J1 (_J£Ld jl 

4 j.l>i!l j-^-4-1 L^ 4 J 'vjLj-j 4 jlVij UJ^ 1 1 ^ Li III I 

^LiLa^ i4 M « A (J-a-ftj V dil ij dlLuft ;jl I 4^ ^ j ii"iH Laj^Jcsj 

1 4 Ml till J (J 4 t" utlVl dli i i -T^ ^1 , L..-^ I iill L^'L->> 

(J 4 f~ V _ jjl^>JLIj (2^-^.JLJLl ^»I" ~ 11 d)1 j - I Q dll ij '^1 

(jL^tj-j-uJa 1 1 Aj ) 1 Aj^ j ^Lida ^JLi i_.<l2J1 L^L^ jl L^L-i- 

* I 6 n 1 »j ^ diL^4-:^ ^ 1 j -»■ “ ^ dil tj j Uj (^jJl 

, TT A ^JLi , 3 ^^^ L^3 ji*-a di^^ J^. ^rt4j 




















Transcriptional factors 

j_Lx 4-«I ^La_i_ul^l ^Ifij t 0^3 j. j 1 t~11 i. n 

5 \ i A HxonS ^ ■ .1 tf 4 (l)^ ' ‘ 1-4^ 

t^j_i-oj_-4j^j^ (^jji j"-^' 3_^ ^ Inlrons iijLj^I^ju ^ ^ (3^ 

J ^ ^ j' ^ C>^ ^33 * " ^ ^ ^ ^ ~ (.Lu-se-)^ 

(jjj dn® Lajlj>.j L^ j_^L>. (jOjij-^ VI ‘ ^ ila-jj>»-Ll ^|_>^LjoVI ^jub 

JSlj -^I! j* ■ ■■ '^1 jl jJ^l-£, “At Ij jJ A C L^L4-1 - l-Aj- ^ A 

."^1 J i . .^tl ^^J_A ‘*‘-J ^ 4^LaJJ 3j-JjLjUA 3lj_) Jj ^1 lLUj 

(jAj^ (J^l_t^l ^ ( m Ij l£Uj 4cIjLLj -^fl ^j-4 JjLa 5 I o U 

u^VT (jj ^ ^^ ^ Ijl^ ^ii jl . L 4 L 4 J 4 J 1 4 “^llLa 

^jju lT^ l)^ ^i"dU I <. I jJ )4-ui^ Ca^jJI I* ■ ‘‘ ■" 

(J'^ ^^1) ^<ijl^ M Tl dua^Jui 1) ■ "‘^1 (JjaLc * '*• *j (j\.stJA 

*4 <1 jI ^ ( UjU J,4L>J1 (JSI 4 I j viljustj 

^ o^j ~ t-d^LKil 4 j5!j tlrij^ _ IjjJl « (J£Lju ^ jt* ^jL^ej ^ Cy ^3 
4.a4Jj„Lj^ LjjJI ^1 [jjt 4-a «1 tf i jJ1.4 4.^ Jij..irf^ a a 

U^l Jkij^ ..^U.a4 ^^^lloJkl i ^jt ^ Ji^m (_^loLlII J|_^A.9iJ I 

4 A jh j j U^yjLH cr^! SljjJl (j^ L^-^l 

«J.l ^ 4 (J 4 r LA^Ij tj-^ (j^ \3l3 i 4 ^ 4 ji->n (j 11 ^«ij t4.i j a a 

L^ 4j f Jk ‘kII 4^-^TIj . 4 I l^nTI ^Inut (3^ Ij) CjLc-i-uIj (JSLJu 
(Jjaj ^ ^ l)*^ ^1 ^ 4 ulll ,J.4L£, ■^3^33 4 (J-4-C 4 

,(jVt j4 L^ib 4^4 rili ^1 4j^.4-tJI 4i>.jJLt (^ 7 !^ 

Lo^ '4 -».J ^ .^!lj 4 .^Tl 4 ^.1-^Tl CT^ ~ L/^-^l-‘^l J3£l. . (JjLl 3^ 

^ ^1 4^L>JI ^JUb 4 ^^Lu 4^^-i4 jjjo ^4 * 

Karyotype analysis 

^1 Ijj^ ^LuijVI i'\ cjL^jkJ^uaJI jjl^ ^ " *j 

^ OJLaJi ^j .^'’, A A .^t .^as Vj 4.^ ^ l^lj Lajlj 03^ 

CxjIj (j.5^ ol *. 'TS ^ *4rf*ini 1 (_jJj ^IjLftUj 

f^yi ^ tl^4 ^ V—3 . ol It J '^1 f^yO ^ ^ JJljlII ^J4 TTJ iJI 

i^j-i Vi t. ‘TJJ Cr^ <~i4 '•^’’illj oJ-4^1 Jl^ 


















^UaJI \tiH 6»aiiJI pl.x=Cuufl 


cjLij.->. L^ La i- ^ 0'^3 

4_j^jJ ^ A * i'la "II Jl^ 


.1 i^*> JLd i I < 


^1 La ^ S L i. 




* ' 


jl 4j_a Lo ^ A Vi L_4J9C^ 


JL^ Ljua^^ 1 4^'>:,a LS jA \ Ll^jj uIjLL-:^I ^ **j IjlA 

LLLjjI ^ L 11 lLUj I^^^ j tA j ^Jl!^ ■“« \ 1 ^ t~i i S<a 

4 i j t g jJa^ t'')J -w Jl^ VjL^ <. ■>‘_i^ h-j-^j-jJI ^ I j < iiL4^l 

* ij j 1 jjljlII ( 3 ^ 0 |-^ < 1 .^I . 3^ U'^^3~^3~^3ij^ 

j .“-*.11 du . L^^ 11 L^pL^I ‘L 4-j-^J ‘^11 L^L^I 

Lr^! L^-^i:! ^ 3 ' “ ol i !r>1 1 (_pa_ 5 j-<m t-fllj-sejl dl_ljL^ 

. L 4 J cllll jL^j J-^3 J 4 a 4 J r. j>-:w 4_±LL 

cIjI j t I .g L)W Kciryotypc |_^ 1 jJjl il^gill 4 _^ijjLj LiUj 

4 I ^ljlTNj_g 1 ^ ~i— i_uIjJLj ^ 3 -^ 1 ^ \l6t3.ph3.S6 r Ij * ■ "VI Jt3^ ct^ L-aLal 

JLdLa (4 «jJ^Jl^I LjVL^I CjI rt Jj, V ^ ll dJuJ-C. cIjI jj S* 

i.dJj£j a-flUtI c, t.cix.'v CT^ ^ DNA Microarray dllji 

•n * 

LiUj^j *PCR Sj-ttiJl J^Ujj iDNA sequencer UjJI ^LA.,. 

< ^^^i.iln.ii. 4 i,ii 1 tilljuj . 4 j.j_*j (jry:^ j. mil protein Profile 

) 4^Jl:^I L^l^Jl 4^1^ 4^j^La^ 4^1 j JuJL>iJ^ 

Biological ^^UJI ^ J-^LLydl 2 L^a^t ^y* a»LAiri - 

activity stem cells 

^^LaU SjulLI 4^x.JL:^I 4_jI^ 1 4-^La ^jjo JLu 

tiUjij t^yjall 4 Jf ^jLU ^xx.j>J1 ^LILo-LI^ I j^I ^3 I ^“ * J ‘LJ 
dJub J-A 3^3 Jl^L^I t 1 ^ j _ a jjj i Lbj—, 3^1 _i^l ‘“*lj U-^ll 

V 4Xal^ ^^Lt_u^ Ly! 41 aI£. 4jiL V 3 ) (Jaaj L^L^I 

5SL^ Vj Jaju 

^j_uLj_ 2 JI ^LLqJs j <1 j 4? ■ t 11 4_l 13J1 iLi A I jLijLj>tj 3 ^ JLiV tiUjLl 

^3 'I n"I 4-iX JljJI L^UiiJI ^Lii J n iVl Q3^J-^ t^LJyJ 4J3 j-Jl1 |1 

Bioassayj t-aj-tj Lo 

j^jji dj^LoolIj 5.^.^-^"11 LyL^Jl cjVI^ I jiL^j .i^^xpdl i.ijStI ji 

L>U 

































(^LiuVl 

fj^ Jl^L^ i ^ I “Tj ^1 4_j^Jl:^I (3^ 

jL^I (J~^ J-J Vjl ^ ^‘* blUj_^ JL_i_ii>«J1 ^ 4^LtJ1 L^ILo^'L-i-u 

LAStoi! LiUjj 

. 1 a 4 ^£.Jl>JI Lt^L^I ^1 - 

. a.J-A ^1J jfcTtA^it jj^ 4a^4-i_iiJt p. 

j 

A U>. ..1j ' i^i^JLl ujJI 4j>JtjLli 4 ^£.Jl^JI ^Lajul ^ ^I'jj . 

✓ 

4.jJu_ujjj1a jj 4.jLLa*^ f^j ■ ^^ ^'-~JL? * 4.j^JL>JI i>jLA p^<J 

(_yja jJLjdl j»i>i*Ji l^lr. L-flj-jii]| 4i4j-,Green fluorescent protein 

_jl 1 AJ 1 tit gjtiiitl ljuk 

^1 t^y\ Li V I ^ (^1 ^ ^^Ljij ^ L > > \ L udJjiJ . jjb-L^' V 

Hepatocyte precursor <jj^ Lj!iL>. (Uj^ ^1 ^lja-a< jl^ 
jL>- ^1. tjiIII^-riTi (ji s-*-^ 11 X M i-^LLj (jUft cells 

I juu j£L^I alJLj 5 a .^11 t^VL>> laSLftj . - La 

o' Islet progenitors L^L^ 

Lr^ ^jjJu La^ 'w * - ^" 4j>i « a JLA pJLil (J,rGj.-4uu^1 

cLd^^JLJI ^JlA ^ . LoLu jl ^£LctJI < iLj ia^“ 

Jf 

t ^‘^^ td^yLc. p‘“ '^ ‘ 5'i^ S 11 5 t '^Tl L^t_9>Jt ^ ‘“" 

j rt~iiiri iSj ^' ' <^! - 4jj ji3^ j-fi I - j-=^ L^ LjLij>. I 

I 111 1! 4 L^t_^l t aL V"i L^L-^I LT^i 't"" ‘ L^j 

4K tMa t, t mtj IjlAj 4^j (^jJl ^jlaaJI 


L>UJ1 pi 


SftLo^ 4.^1jjJ 


4^f 1 V'^11 L^L^I^ t4t>>LiJl 4^1 \'^ll 
OlTij 3 ^La^l 4lal^ 4^ Jl^I L^L^I f^Li ^^LtJl djltJAaVI pjjn'’il _ 

. LaLaJ a^jLa^l 

. d_^1jJLa j^-ajC, a ^l“i ^ ta 4_c,Li^ 1 ^ t4-£.mi pj j ^“ 1 - 

ajJ—^1 1_^ L^*! _>JI ^jub _3 a ^ .". t a j i j / -w. 4 _j ^ '1 -w. L^ij _ 

.Teratomas 














gUaJI ^U*UI ul^pfo^^aS 


jrA^ Lj I 12L}A^ 1 






o-ljjJa^ Montini E 




4_j^jLj^I 4 j\^l ^j)ij 4 jl 0 f L^L^Lj oj)"< j^j"* 

Oncogenes 4-^jjJl cjUj^I Jj ;.Vi« ..n i^jdJ 4 *; .nlll iiJLJl 

(_yjj (J^ (jy^ t VI ImI CjLt-tfjij, jail jJ-a (j^ oj^ 


Retroviruses 4^L^j^l kZj\-lm^j^\ (ji ^ jl>.j .4^j^l 4^iVJl 
1 -v. 1 4 j r Jlj>J I 4 jl V11 ^U^^hii.l I j^ ^ I ^^^i-uJ 

.4_^jjJI tlil_lj_»Jl 4 ji Vtl ^ ^ SjjJu 4 -j^LV oL<j 

J^i LfcjLJx^j Lentviruses ^u-^jlaJI .-*1 \\ ^ cdJIi -l^ ^ i 

^ -I ^ ^ 4^1 iVT1 ^ii->^ . ^t( uij1ju>.V _ J^Li^ 1 jg A 1 v“,. .,1 

^ J t V 11 5 . ..Ij S _4-(^ I (_)-^ ^ 5 . ..Ij 1 A I jl .^JlJJ <^i f U 

^ ^ gJLjtil (ji^JLj 4-La Al l 4.jilJ U^ i 
(]/CL>>LJ1 ^t < i~i ^ aJ^ ^1 1 ^ ^ a t^ .*:■ ^1 

- ^JlU 4*: A<11 4-fcri9L^ - 4 -j^jlj^I 4^1.VJ1 v V* ml 

L^LVJI ^jj1--!^Ij-TI ^jl«_AAi.i.fl j^j~^ 

JujLuiii Jh_i_u-jl 4 t ->■ 1 tjJUj i^JlU 4 ^ .^. i 11 4.,J. t:. ,1—-a^.! I 

I JlA ‘ j| i^ til ^ *1 VVIj ‘Hj 4j^-djJl 4.j-C.^VI 

^ * ■ “j ^ 1 1 1 V ~4 IIII iJ^ 4.jLj*ij 

<l^iXL» ^jJl Anti-thrombin III (AT-III) T _ jl 

- y 

«.ijj Luaji ^_,_Ia_c.1 Lj4^ ^ CjL^^I JJLX. ^ O^J ^ J * "'^' 4 i iji'i Cil4 
L^LV 4-Jl Micafungin 1 ^ -w > 1 ft l C I A S <" lljj. ' \i , 1 ^ A 

ij\ (jr^ Jr ‘“' Neutropenia ^>o ^>LxU ijkjJJ 4 AAI 0 4 j r ,‘v -w 

^ lLUj i_^ * * 1^ A 4 > l J^ l 

1 (^yjs 4 j\" VI, I 1 ^ri 1 jj Li 4 ^ Jl>iJ I 4.^1VJ I ^ I t ’^~ ■ ■■ 1 *4 1 JlSLaj 

4.aj^Vl i^jji JkJjuLJI ^1 ^Ij.>iJJ i4_La^-LJiJ '"j^J djL4JLX 4 j 1 4 f. 

«j-uaJI 4 ^jI_ 2J1 ^LiS^l ^ ^ ... -V- L^L^ji JlJ^ 4_^L^jJIj 

i^j_jLJ i^j_i_uj 14 j r J 'K.l 1 4 j i Vtt t (jL-aVI J^ lt^ 

4.j^JL^J1 4 jl Vn ^ljJfeJi_uVl 4 jla r- i" 1 1 j i 11 j j"i*v 11 

^ ‘t^ I ^ .^X ^1 lju> (jJjJu 111 5 ... ij .» 4 ji4^. 





























VjJj iCjI jJL j 1 \ I 4 A <\C (jy^^ iAjIjIjLj A jjlS (jLjtA^ a 

^ ^_3 'ji 1^1 ^ y *^3 

LLI JuV 4-j^, \ -^11 4^iI^Jl ■>* < »l LtL^Li irttll 

j ^ ^-a i_j|jJld^l i <.^L^ ^ ^ • jj"j ‘"** L^^ju Vi 

1 '»* 4 j-Clsu \ rt "w L ^1 A.judlJh. tL^J 4^11111 Sjii n~i i nVi^ L^j^^>o ^, 7 ^^ jjp I^T1 

L^-iLu** 4 JJI Lli t.^..i,.Aj Aa-xla 2^.:ae.Jt.4 (_7^ L7^ (3^ t^ 1 j^lr^ 

ijL^^ L^ LlI (J-u-^ L^JLa Bjujljx c^..ft.gL^j ^IjwjVl 

. jij jla^I ^ ^ ^ LlI ^^11 jJ j 















<z,,{h\ *1 



^^-J- 

<1j1..i ->■^1 IH lX'^ i t iiil^ 

duL^ ^J ,—^—-at c ^1 til ^ 

^jJJdl (JL^jj ■ Lt^j) V 

i^\^ i ^_^i».1j>J i —S—aII ^ (■mIj ^^Lll j * ■" ^1 

4.1^ l-I^L-<.*i,.,U ijlj t^-l.ti]l ^^1^1 l-iLJ^ 

tc.^,^.f.,LoJLi ■'^ILj LU ^.L^IaII 

s^l >HU.nt ijj ^^ j 11,1 

^Lc. 4 jijjdl ,[^jLuLi.l^ 4_^l ^lli 

t ^jULI 4.^ ^'~^~n\ 

JuV 4jl i^ljj ’c>*‘J ttjj—>-Vlj jtiJ.1 

4.^ ^ 11^ 3j jjJI ^JjL.>u VI 

4_jIaJI Ij^ _j_>• I ^ ■ “ '*"_i_uVl^ 4_ 

ij^J Ljj^ ^ 4 I _ 4 J gLJh_>j 1 


-1-4. 


j» ^L-ujVI ^^LJLj^ 

4_^i^Jl ^_y^ ^Ut f^jji .c_^^SLll ljub 



<<Lj^^ujsL>- Li-kj^Laii 
























ijl -uV t" I I U ((Jj—a 1 j_*J IJ ^ ^qJ-jJI JjLi 

^1 4_:>-L>. JjIjlJI 

ljUb (jr^^ L7~^ 

ijI LiJ juV d 1 ^ Tl d ^ 1 <^'jj^ ^ ^ji^^ ' . I.i. 

. L« jLl^U^I iSj^ ^ ^ 

Ju-S (j.4 1-4-^ t4 j M<-^JI ^ jc, jl-^ 1 4 j 

^I4 <.^V"<ll L^L^I 4 "w I ^LiJI jjjlLII ^ ^ 

:4 j u <i 4 J 4^j-^I lij^LitJl cliLo^^l (j_4 i ihH (_y^l 
Jjljj •>- 4 jL^o! (j-4 03^ L)' |a.^Jtj‘'XjVlj 

^ lLUj (j| j| i4.jJjji^ 4aa^L^ f 51C A t^T j . 1. ■■ 1j-^^ 

f^jja l^3 * Lt^ l~ 1, la^ jJ lIi^^ t nU jj-4 4^£.jaJI ^JlA 

4jjSLII Ov j^.‘^ Lh* jujulII I-IjjlI tLij^-oj j'hI! 

Jj-ieJ —j-juLiJll - \ ^ 1 j,I c.y^^ ii"i i i jjV^ ^1 4 jl "wl jJ| 4-3^J^\Jl 

JljV *4 JL:^i L^i>JI aJJh .4j.Ij.L>JI 4^lc. JL^I 

<Ul^l ^ vlx^ t^jL-scj IJUb ^1 JuVj J4ij^ (^1 4aij 

4_jx.JL.:^i 4 _j 1^JL^ 4^j^Vi 4.j^j_:^1 Ij^'L^I -4 ^^x,_L.>Jl 

1 t nil (J.j->Jl 4 jx,JL:^ 1 4.ai>Jlj 4-iJLJl 

4a£.jL^Jl 

t3^i‘'ij Lq L^\\ ail JjjJ^ J_^!j Ij^ i5jL3t-lil iJjLVjJI (^J 

Lj^l^ jJLl^I t4^-ijjJlj * 

^1 V V~* I 111 Jla j-La.rtj T ‘ ^ ^LtJl (jjila_tiiC 1 

^ n "■ 4 ...At L_".^^H 4 1^ 1 ) <L_ji4,i->«J 1 4_i_^JL_>Jl 4 A-^n tJj? ' ^' 

t4jiji>fcH <.^JL>J1 4.ji^iJ1 4.^LJI t^tJc-.iU 4j.i«alj-4-i 

^jl 1 T * ' ^ (j »ln i tif t jlj-a g-i 4liti (J-oL*-4 OjL^ 

•ad>^’ (jjJ! >1=^' 

4 J 4 At t(Ji '^U IjLA 4 i-fac^ C.J 4jjj ' JjVt 

- ,j-a (jr^ 4j^Jc^l f^jji aj, i^i 111 j 4 jl^^11,1 ^LjjJI 

^J1 I nll^ <■ ilrt 11^ I ujl 4_L^L-^ — 4. a iLi nil (^J ‘ ^L-4—^ 

. 5^ Vi^ 11J 4-1 i^-alu <iU 4 _i-u^jl 11 1.4-Aj-a£.^ (j^Lt-u-lAj (jj ■ ■■' 


■‘ J^^ J> J- 





















- j ‘j' <Lj c Lj^'L^JI Ltl_LJv i,txj«_iJI ‘T^ 

JjJlj t~iir itl ^1 fri <^U II lA jL^t tl L^jlj_uj1 I^ya 

• t 1 Juk l.KiLm ^JSLuJL \ 0 JL^ 

(3d>-^ c^l L>"^^ Ai\ j»Lc, 

IjlA ^JiJ i4_ljl^ 5^ jtrt'K 4.^^JL:^ Ij^’Lj^ (J_^-uoj>J1 ^JJ-J-L^ 


Jl^ (jr^ ^ ^ J 0^3 tiZj-Si^\ ^ 1 «n tioe_Jl 4_^J-j^ 

cijJL>> JL^ 4*»Ld _ ^ ~ ^ (j! - ^ (JJj-^1 I^1 tA.l^\^\ 

^ L^L« L ^ 1" j ^_^l_!llljj ijLp^Vl ^j_^i ^jL>. 

-ii 4^ i^j-^ L-i^L.^_>-l I 4 ^ ^ ^ j d^^ j' ‘ ^' 4-LaL^ ^^t l3~^~^ 


(Jij La (_yj3 tjrt_L^l (ji tjl .|C_^jJl 

4_i^j^^Jll1 4 -l1j ^ *4jr.bi3i^ 4J^l-^ «.Lu:^^t ^ --^ 4_ljld 

^jrO^LJl (^Ju (ly^ 4j,;vVl ^ 1^4,4 (jt Lo_^ . 4 _j£^ (J <ia i I ^Lj_a JUu ^ 

J ^ t, ^M ^ *3_J1 Cj\j\ i ~ -W l dtljLjjCj Ji (jp>J CjftL^ i(jVl 

I 4 ji4r ^Lm] L^jIc 

LjLfcji*! ^1 ^ , ...A V U 4.* juu V^ 

LgJ^ . L^LaIj ^ ^ I {jl>. 4.1»>V| ^ ^ ^ 

<d <LuJ^ ^m 4<I (JiLd J-^-d ^JlLd ^JL-tlu 

A A A L^l I 4JLuol^^ aJ^ 

(3^^—ijl \lx^ i^jLj Jl^J . 4 J ^ i ^ ~ ^ ltSLiIu 

4 jr jL-^i jl tOljl^ j-**!! K^t'^r iM 4_Ajl^jaJ a'iSVlj 

IjlA^ ^jL.StJ A 1 ^ 1 ^ A L7^i j J -w. (j^ 3'j 

. 1 Ju I ' ■■ I T 

L^LLuj^j A rt V '*■"11 cjLiV^I LaVjIj ^ "■ ^ cjL 4^.£L>» ^ji jl^ 

c1jLj%jVI ^c-4_l4iJ CjjJL_L^t ^JL-d_lll ^LjlII 3^*^ 

- ^3j 4_^jl>JI Lj^L^I 
3jjl^_>JI ‘ A 1^1 ^jJl^ 3^ 4_^lj.d jL^Jj 3^ 

. 1 3^ 

5l“!t 4.1^1 3 a ^ ^ A^ 34.j-C.,\->JI 33 ^ 3^ 

3^ ‘"^^3 1 tl^ ,^S\ 
























("i iiijl^ 4 4-1^1 Cj«L:k jl^ 4jj^-i-^1 4 _^Jlj^1 Ij^>L^I ijl 

iUi«->^l cjL^LoJtJ 51j 1UA 

.ciUj >^bj Cj^ t-j-(-uSLll Ui^ 

Lr^ ijrJ-JjJ—(-uJLlj'tjO——jJl 4—1, i <iij 


4 1 c 


,.\ "^11 4 jl^l JL_3e_4 JL.>Jt jl CjL^_^SL>J1 


4 j r \ '^Tl 4 jl'^tl i**!“a"_^ ^jl« til ^jlLxj ^ ^ J"J 'T^' 

t iilj V i 4 1 I 4Jl>- V1 (_p-d 4J-4^ 1 jL-iIa t ^ ^ ^ ^ ^ J '* ■! ' '^ ^ ^ 

^^^ L^ 4 1 irf^i3-^ ^j1 j 11 ^ ^"Xj 

j-la-^JI tjf O* .4_^JLA 4 j 4-j-C.jL:^ 

4 r-vt 4 j ^ JL^ ^ i<Ljij«:stl 4 j f -iI 4 cliLsul 

i_^L^ (*d ^ ^ ^ ^ ^ ^^«^^^ lU ^ j ^ ^ * 2 tj" ^ A 

4 * j 14 iTi 4 i i^lj^ p jj ^ j ^ ^ 

* A p-Aj 4 V iX ^\ 1-4 4,, 4l.la.~~ 4^1—Sbj^t 4»jub 

I rt ^ - (j^.L:^l (J2^ ^^JL-ULjj JuJL--^L 4-^^-u pLVl ^1 4^i-^.jJl 

VaS .p^Ju! —Ja^£a-2Jl I jut 

l^l 2 J-LJLU jJl <L4 JJl2JI 4^£., I.-IK.! \ Iu^^JkJI JojJa^ (3^ p d 0^ 
^LiLjejVl ^uLuj ^ A A 3^2j j^jJI 3-AJ tpluVI 

a2j2'^! 1 * lLII p-A, l a ijj 

frl altli 4 If j c)>^ pJuajJLl ^LaJl JjLjOIj Ja-lUI ^ a" i<h3 

^ibj (3^ 4 ^ j f. pd"^ '*'.** 

JlxJtJ (^L-^ < *• * '» ^ 4 1 1 (>* ^jj L^ Wj' Ur^ 

J—i(—<S Jj-3 Ol IjUt j. U> .>*i )^j_:^Vl lj^4_^l 

J> 





J1 /iL<Lai 


faje—^1 ‘ ^ ^ « 4J.»>' 


u ifii T (,^1 14-^ 1 lai 2 jl3uJLI ^ *C i aJL 1 

1 p 1.1 ir "t _ u/Lj -^l_il \ ^ a iuJ _ Lf. 

:4^V1 

.p2t!i 4^.i2~m kljLjbjVt 41_ 

. a^iSmi 4i>lj^ i. ^ -w «j/^n ^^^LUJI 4ulajkj 2jl^ . 

■ a i2l'^ll l^A aj i^.~ !l L 'I I ^ ..I 1 a o^ »11 ajluj _ 

.j£Ll 11 V i^~w. u_)Li-i_uL) 4^^^jlLI 3jljj _ 


































t ■ i-fc.' j-fc.ti 4.j-dL^ iljLajJjLja _ 

. ,jji <i~!l j1 L^Lj_l^I 

. ^ll 4 ^Li^ uIiLjj^ - 

^ ■ j • j CjL j_jL_Lju3 jl l kj^CIl ^jjJo - 

.^«j>.jJl 4llc,lj^ 4jl<ir ^ I'^ll 
i 4 _juojLjla ^ ^1 ^ t a ^ I~ir 1 O^jJl I JlA 

'^ J4-j^Jl.>JI ^ j**."- ,\\ 4.^Lo LltL^lj_j-d ^i■ g■" r.i 

4-j_2 ^ ^ ;^JlJI JL^m tju& ^ ^ *- ‘~.11 lIiLVjJI t ^ 14. ~t 

. .."^ i3JljI^ (j1 JLJLJ 4.^ A sllS-a 5 J-JcJi-U lIjLiVjJI C^LjJ 

Si \ I>l 4^ 1 ILa Ijl^ ^4-^jlL -^3-^ SjljLSJI 

^ j ^ 1 4_ii.-%ll 1 ftJ I I lZjI ihj-i I T * " i 1 ilJI ^\ c 

jVjJ OijI i\ A aj Ml c IjS n i1 03 O^ * ** J >J 

Laf oj-f'^iP <"«S rt'tl Jl£ Sj: r "1,11 4jSLLa-il O^-^ t4,j^ J 'p i 

^ jLp-a O^^ cP*^ Cu.St.S,-)I i.l.S-a ^ J.*3 * 

iCjljVjjJl t'TxS. S il 4 ^jL-^1 1 33-^1 

4_j^Jl-:^1 ^ i tl 41 (J 3 J-JI dJLA fPl ^o-usjIj 

_Jl ‘(^~ '*^3^' ^^j “ ^ lJ^-^ 4_jJt^i.'>J I 

333 -^Ljl■- 1 -U 3 (jLj 3 -p 1 11 - ^ t 'o ‘ ‘" * ^ JlIJ 3 j^ 1 ^^ j * ( 1 ) W^ ^ i>S ^. 3^33 ^ 

c. ( 3 L-ijVl 3 (J-a-jJ! 4l i^lp o'^^ I g (jr^ J3^^ CH® L^p J ^3 

tiJltilpl o^ U3-^^3 L^ .S^-^Li-uJl 4 I l-^ll lLUj t*~ii'» ill 

55j^l3 4^3£. 4 J 3 J ^a-(-ul t Sjin 3-1 


I t ^ tilftJi ^ i UlMi 

I3Ia f p i(^JuVl p33"i^ a \^ a Sj 3I 3 jL?uil LljljVpl ^1 air. i»j ^ 

3 ■ ■■ ^ I W ^ 3 J Cp"^ i 3 -u 3 -i-i 3 SJl ^Ij—i-tiJl 3 (JjL.pl 1 jLjfc (j-a 

(jai>L_t3j Kevin Eggan ^L Ajl op_i_^ 33 "1 ^jdl o-l£.l3 T • * 0 til 
4^j_pl 4PiJl a (P P-stJ (3 j> 33 DoUglaS McltOn 03^4-® 

^ jl-^tl P-C. jjj '^^1 o^ I 3 K 4 ^ ^4^1 I 3 I t4—tS4?—aVl JijL^jLft 4_t .al tt i 
Pj 4_:^l^JI o 3 -i 3 -a i^l )o^ p!l p3 pj 4-:^L>Jl 03 ^ 3 ^ 4 jijp 11 4-^JLjpl 






























j **- jL.>ij1 f^jja lIj»L_>> ii. t ^ a 5_.>>.^ \ 

4 jl^U (J^ iLaL4-J ^jL^. 4^ V < ti ^ d^ULI 4_:%^jj IjjL^t 

^ 2 . ^ ^ ^ Fusion Ij-^ ^Lt kiUj Qja ij iC ^ ^ j_^j . 4 _jlJL-J1 ^jlL>J1 

4jlILj ^JlL^ 4^1V ^ L^^£lil4J - 4 ^Jl^ 4 j ij ("w 

olj-i_>J 5 ^ ...It^t 1 oLl^jjj_Jl 4jjtJ_>J1 i^jjo (^jJJ \-j^ ^YT (JSLilJl^ 
Tf'sr 11^\ i*',_i '» 1 1 y aj^ t"), ij r L^ (4^LJI ^JlL^t 4.^iSJl 


(OT) 


^ ii .i^ll 4-i^jL>JI ^ ii-^n 




4jJL 


4^1^ 4j\i 




^UJLJt ^ > l-wti 4.^Jt.jJ.>JI j ^ iLi^l3>JI Jjl (^^) jJ*^'~'^* 

SjIcV 


Luajl L^jI L^ *4 laltll <^L_u^VI lZj^^ L 


jJXd 4^^_‘fcj Jl ^U IJlA (• t•» til ^]7 \-udjL*-L1 jjA i^y 4_>.ljJl Lc.jj 

4 jlV11 4^1j^l SjLLl jl _ji]3 ' ^ ^J) U 1 I .J/^J.^«J1 

4_^Jl_:^I 4_Jl>J 1 *-«jy aj^ 4jL 1LJ1 4-^J -^Jl 

4.jL>JLj LjjJI jLJu BjLj-^JLI liUj o-I^L>> -a i_jji^1t 

9 

^ ‘^~ ^ <kiiJj ^ISLl 3jl£,| a 1 1 ^ 1,1^ iS ^ I, i a I »j i -^! 1 4 _lC.Jl^\J! 

c3^ L>^ ^ J 'y > 4 g r,Il_-w U^>L^ Jo^ ^1 -^J-^ * Ij jln'^- 1 j lU 

(^! 4-:^L^J1 ^jjJ Cy^3 i^^rLlXi ^^\ t^uA jj_a <_Sj_>Jl (j-« 4j 

j^j-aJLI j-la_>Jl ^jC, (j£. i <» Lul ^ 


















v^irA.^I4H 


C.4-<al J La i4.jJjjJlj ^ . , .^i 1 ^ ^1 i. ..I L^Jjlx 

CjL^^I^Lj ^jujI I u^a I ^ ^ j ^ (^uj \ ^ ^ ^ j i^tl 4 j r I 4 jLLJI 

4_^LI1 t~»1 S ^ < ti ljlx^n.se-] q\ 1—iJ 1 ^jU" ... \ 1 ju^ -U^J-IL jl 7 > U 

CjL^^£L»^ 0 n 4 a J-CJ^ (J-SLii plj—:wy 4_-ajMJI 

3jliJl^x 11 3j.£LLlt 4 .^IjJ.>J1 4_^ jl_>JI Li^L-3JI 4Jl& JjI f' ^• 11 jl_>.j^ . 1 
L^LJtl! 3j..j.j4JL1j 4.-U3L3JI cjL3_l^1jJL 1 fJ.4-^>«j t4jLlL 4jjLi^ 4 _l 1>. 4_u^1j 


L^L^ ij\j i^_ya J-^ {^jJ^ L^LjJl^I ^ jg ... ^\ ZjK 111 4_aJu-L^l ^ ^ ‘ 

Ijl^j t 1 Lr^~^ . 4 ^jIlU 4 1 jJ \ 4.j_^L>JI 4J3£LII 

Li 4^ * . ft A ■ 1 > / t i 4 jL>iJi 3^ I \^ 4 ^ ! 1 »** 11 J( ■ ^ t i JUAaJI 

(_yil _ ^o^JLl _ ^jj 4 n jl Pluripotency 33jjL_i!l L^jJ L^i 

l‘A a .t->tl 4 _)jLaJI cZj^LtkJI 1 Aj i A 4 .^ .^ ■^ ~11 L)^L.^I 'I 

^ 4 j tj I>JI 

4 j C ju.^ 1 LiL-^l ^jl 4-3 j jjSo JjLAjLa "kLj (Jju;:^ 

4.^lj^l 3 jLLI 4 3jL£I 4JbAlSUI 3 jjl_3JI L^,lI 4i-tl a ^^i^ 11 

. Ll^ Lo^jwLajj 4iJLJ1 4j, Ui,t,:Ol L^L^L 4 .a^L^I 

^ 4jLll^i ^Jkl^l L^LitdJ Aul^2}\ La J^£L! 

S3^^^LiJLl 4jjjjj>JI 

4^3j^^i.iJLI ijJij ioLLiji^! 4i^ 

0LL->J1J9 ‘4 ji-^tl 3ijj J * ‘ jj i-tl j • ■ .^U < 

JLj.^1 L^Lj^ L^o-d ■ 4 4,vn 4_^l£La^ 4 t }.aj 

^ ^ 4 j ^ 4 ' 4 J ■ ..I i^CIj 

^‘ ^ 'j? ' ^ ‘ ^ 

4 jl-^1 (^1 _ i ^ iaJL ->^\j 4_^!jj 3jL^ ^ j ^ y L^i ^J^ ^^jJ\ 

lIjLI^^ L^jLa V - ^L!Lo 4^. i iCJL^ d " 1,1 


I aW ^ ^ ■ Lk A 


iL^ 


j^SS La' 


CjI ) j -^U 


*} 


dj .i 4_4^ jLjja£.j .Maintenance genes 4_iiiJI 


^ ^ ■ 4 t~. ^ ^ ^11^" . 4 . u ^\ ^ ^ i I t . L.>aL4-> 4 ■ v-v i^ ^ "i_ i3 

^ "( a 4 j j .^ iT 4 ^ oLu_>JI CjLLx^JI 

:^Ld . Ijl£Laj 4_j-^L^^£Lij 


(}t 


^ tjt 3llj 5jj_:wj_a I 
‘y 4_a_)L^ diL l^L i i-"-.. ■■ l-L* 3 a I T 







































^4^ JL^ i L^^l 5 ajt4. n 4^L^ V l1jLuj>iJ1 

L^ j-j ^ Ly^ O^l^J i4_:^j J-4^f 'J ‘"^ CjjL^ LJ’'^ - 




-L 4 lJl 




t L^ 4..4jijJI L^LufjLcaj 4 J i 1 i ljL4JkJ 

jjt (Ji^ ^^ (1)^1 ^ o^ ^* V ^ 

^^Ju (^JlII J j"( j 11 f’i^j y } tjJl HI aVi j! <1 4t"< ->11 

4j''>!I <^i 0^ <^>-1 < JuVl LglgC. 

j J ^ CjLu _^1 II rt l*> J ■* * ^ ^ ‘ “ 

I_dLga ijlfcjl—^ ju^ ( 1 ) 3 ^^ Mcthylation 4i_LJLJLljj 

tc^I—^ 1^^-^L^J Li J^'vVLi ^^^1.4-11 4-jJ.^>«Jl ^ ^ ■ .^. ■%- 

t_jj3j iCjLjj—^1 3j—^ o^ Jj tnjj (JV1V I \ j r jJI 

Jj^ Cy^J i 6 J—« lP-^^ 4jj-_fl-j>Jl ol i J y\ \ 4 j rt 1 5l 

^jAjU I JuA vljJi 0~^ 5. Uj t I J—1-uJL^ (jl£Jll 

^ j' ^ .4 ..j-CJl^ ^ ■'^ ^ 4_pljpl ajLlI 4—ul^^l I—^jL—4 

La ‘ J ^ ^ iL>>J^U^ ■ ^ ^ ^ « Lal^ Ipl^^ i.,gK,4Lj^^ >i!l i*t,4i \ . i 11 a J * J > -w. ! i 

.^_>-a.*^aJt-lII ^1 J-4-5ej J-iU j! JO 

4p.>- J^ i L^^J) 4 j / j ij^T 1 4 jf; JL>J I 4jl,>^I I L^is 

(J^Vl ^ 4 (±jJLpj 1 JljJl:^ 5l LlkA-pj w.a Ti'a t4_«JLi 4 ^JlLv 

L^jJb 4.AS^IjJLXi a Aj t S ! 1 4 -l^j) 4U L^Lijjw 

4-L^^u^jLjd cP^^ CjLI^.^ 1 ^a 11 ^ i A L^J cLdxax^iXO 

Ixjlc i 1 ^ a cP^^ a A . ..\ Jlj Jl>. ^ 2 >a ^ ^ J*^ L>a a ■ ..^ ^ U> ^ 

^L>. CjI ij '^n L^jJ «-IjLj Jl^ L^Lj i^j o '^M j. I »"j i JL.J-*J 

jl^l (j1 4^1_IM I I '>- ^Lj AJL-a ^L i • “ . ,.\ 

kljijLjLj^ ^ I >11H (J-a1^^ji^ (ijiJ ju i ^ if ^ j i t~ n ^.jLA (4aiaJj^1 4_pLj.Au£L!l 

I 3 oJ I j La i 4-1^ Cj Ijj^a^ | (Jij j 

i 4jiJ LJ1 ^^ 1 a jl4.t 1 '. J -w, L^^ ^ JLLO I jJ i a J ’. 'w! 1 4_^ Jl^ 1 

^j.a ^_it~4 i4JiJL^I 4jl-^Ti J-4-u 4jjji*^U 4jlLll Cjl^Lgp o\^ 

^ ij-aj ' ^ .' ..V J • cZjLLljPI (J-4_3ej ij~iLaj|pLH ■“ 

Jf 4_LaL^ ^ J C. Cj i ij 4 g_milr>II cIjI iI j j *~ 


(j;^ ‘O^j f PP' JPP' L-^ j-pJLj Imprinted genes 

























lIjIjLJu|j ^ < II > J-aIj-aJ 4 oi <J »JL_A ^C_J_L^J Ip I II A J A ij uL^ 

JLLq LT^ L^l lAjUjLC. 4_I_^^ 

a. I" 11■ 1 'v. ^u_dj ^ ^ — 4_j-u.I^ Cu-il^ (jl JlLa ' ^ ‘ 0^3 

^ j ^ ^ ^ ^' (1)1 ^1 ' ^ ‘ " Lc J I ■-) J * 1^ 4 mLA iLLA»^n 

^1 JjJtlJI Sja^lj 4 j^-^I tjJii (jr>b (jjj 

oLLj_:^ 1 4^^_^J _ft_!llLjj 4^L^ <4_(^1 J-dJj j1 

4_jJj^L_d • i AJjj-J 4 i n ^1 Ir^i i iM 

L^jJ ip^-^1 L.AL 4-1 ^ J 'J ‘^ ‘~‘ **• ■ ‘^' 4-Ji_Ilj 5 *-1O-iL^ 

^iJd ■ 5 .^ ^ " A Lj^i_^ 4 JLa La j! J.aL^ 

L^lijlj ' ^^L^t jl-^Lj t_ . Ljj-JUaL^ 1 M ll^l—A 

LiL-i-j ^L-jj ^j_A 4_jjju^ L^ (J$ i ji ^ ~ I) "w 4_1 aL.*JI j_^ljJLI 

2jJl^ VI La 1^1^ 4 ji 1 a 111 j . 4 t^ ^^^^r~i a 


^ 1 ^ ‘T < 1 




j 4 I 111^1 


4 j'^jJjJl pj (1>^J tj j I <~iTI jcj.^ tpLjlJ) (_^ 

4i^ ^ I Mi -^1 ^c^llLb IliSLft^ .pLftJI u-Jjd 

Vj i4.j 1^ ^_ujLijJl LLiJ 4j)| t 

'‘ ‘^' iS.j' IjlA ^1 LLLs I ^L-lj 

S^J^JlIJI (jI^Laj ^LQj^ILA^ d 41 .»-Xl LlI^j 


t a^ii^i (Uii uu« 9^ Q)h&^i 

Fusion experiments 4^U 

^Ljl^o ■ s «tl 1 LilLub ^1 jj i4^Lui_^t '^1^1 j^VI il>^ 

4JiJLj ^ 4..9oLiJ1 ^ .‘ ‘ J * **“" d 4.ji (jl ^ ^ *iJ3'L>' 

L^V ibiJJj -d 1 • j. iU> LiV-^ (.j~^ 4_^jL>> d ,\^ ^jlL>.^ 

M . .^ M L^J (^1 Lll^ CjL^ t ii^ <Lc.j) A ^A ~ 1 

4 jl-^tl ■ j t In H ^JlJlJLI oi J • J 4-C^ A A 

4_aj^^ cii-se—Jt I i'll 4 K Ml ILa LiliU .3,1 ■wljjl 

' ^3 ^ ^' d J <j ' '^Tl 4 _^Jl_>JI LjV—^.- il J » . pj_ij_>. 1_^ “ * 

Vi ' .". I ■ d " ^ a^ I > ** I L Ig_ I ^JlII i4jiJl_iJ1 d I i . ■■ ^ n d 11 11 ‘ ■'^ ^ Ji J ". . .. ij 

JL^ (jLiul ^ d L)l-^ 3 jLc.I 4.j1 At) qm\ i y A o 









































_ djLlI t <TT <tij ^Lj 1 4K U aJ^ lt^ '>■ "n t—_u 4j| 

4.ji.4jC. J 5II 4^JuJ^iJI 4 .j^Jl>J1 4.uJl»^JI IjJ LiJb 

cjLij^La ^yu 

i^uL^ o' ‘Sjujl^I jL>o'^1 a2jj^ l 3>*^ ^ i"uJ.l (j-4-jJa Cj-^j 

I^ Ul^ t4JijLi ^.0* '^.' Vj 4_3 c_:^Ij 4 J a ^^ 4_d£^j 

4 j r. Jlj^I L^pLj^I i^j-a 4JiJLJ1 ^jJl^I ^,\ < h *^11 ^11 

3juJ ljv 4 j'-^ Lr^ ^^1 “v Lji£^-3j iL ^ ...LLa j^ ■ --j 4 .liji-^tl 

(jl OV^ tjl >■“("» '^-1 4 ji-^ cJJl ijja ' d ~ T O .* ‘"* t j ^ I 3jL3i.lj 

,j^ 4 ljl4 4“.^ g jt ot^j-L^ ^lj_3eJ (Jj t J^jjJL LJwn a < _ i < 

) ju^ ^LiuJLj (jufjjJlj 

taj)i~i ^j i M ('^ I^ IjjL^’ jjjj ijjA-lL^-l—Jl (jl 4J^LJu-LI 

tSj-^ O’'-^ o^ Cj^Lx 4, jm 4ai>. Ij-oJLita 

IJjcdJLj Jb3j t^«.3xll ^^Jti fUirf^VI j 3J:Jt Qjljlor ^jl3 


lIUj ^ 


L^CidUail 


4j 4^yCJL:K I^JuA^Luit IjJtj j! (jji 

4^jjk j^ CajI^ 4j4jJ^ 

L^ ^ A]Lj t * i i*< 4 4jj^l 4j^AliJ 4 J 

. 4.fAtj 

t9jub 4 J A" I a" <_1 ^tJI JoLi^^Vl^ Q^JL>-LiJI jJa.d.ILi_ul * 3 g I Aj 4 

i4jLlLJl 4 1 1... '^Tt 4jJ->JI 4.A_ja^^ 3.^Lc,^ 4 -la31SJ1 3jljJL:>J 1 4.^j^^JaJl 

trt\ .^-LJuaJj V i a 'joJjx. Jl^ (4^1 'jq ■ “ 'j 

4_>.L>J! oj.^ 4 l-wH 4 a a* ■ i -fc.f! 4 -^tl jJj -*.n ^q.^I£Lq^ (jVl 

• 4j ^jju,^ 1 4 I 


4jLILJI 1-1 iiyill 4^1^! ^***^^' 3jyl A a 

JLOat "kLi f^jja Lg-f J t3^^£L^ 4j ij4 i "w. 4 

M. ^ J^lUl 4 iiljj Yuri Verlinsky ^<...n ^ ^ a 

(J<^ 'fc. 4 j 1 4^ j 4—« l^LjlJI 

4^—0^ 3jLc.j o^ 4 j<j fy. 4-^jL>> ^ O-^ JujL&il 






















faoSJIg'ft.jr \'air6.^1all 


4_ai^ 3ljj ^d T ^ ^ *4^(Jii-A (4_tJLi 

1 4.aL^1 L^lj^ 4 11^1 ~i cr^ J 

4 j f. Ju^i 4 jl-^ H i-n t~tl A j a -> 1 , t 43i j c2a£ijJI ^ ^ ji'^ii 

4^ <‘uJ CjLiiaJ^ 4^L>J1 f^jja i-iijj t jj ■ “ * id A .^Vi 4_i.ljJ_>J1 

^ d" (j* ^ Cy^ i ^ i aK . > . ■■ '^tI ^1 ...^...1 jf 

i4M.Ai Y' ‘ 0 ^LjJI yi j-1l^i 4 >o Allan Trounson jj 

4 j r. Ju^ ^ 4JlILj ^..l t it y Lj^I^ L>^) CT^ 

^ j ^ 4_ftjyi 4^1:^! t~*i i ■>-* ^J.a .^0 Li^L^ lIUj 4yy^ 

iPluripolent (JhIjjlUI 5j^j 4 j r^* ^1 

^ 4 j M (y 1 4^ Jl ^ JI Vll 4^fl jl^jJl L^jJ cZ^jL i^\ 

(.illl^ ili LAi i aj j-^T ^3^ <"t t*‘4Sr i > ciUj fj-i_uj1yi ^ 

4jLj 4^.l> m '^Tl 4y.^Jt ‘j 4 3jLcl jl ^ j * 

3jLc.y 4—4, li V ~i I ti U 4 j iij ly I 4 j r J, ;^,li 4 jl-^ll g-^j i^» 4 ^ j * I 

^j^LuJi t4jiJiy 1 4y^^ji si^ . ..j i^jjij i4j9e-4^i^i 

L^ • ^3^ L>^ - IjjlII (J.i4..De^ (^Jl!! 1 

^jL-fciiiL-y I 4 ,-l.1aJ 1 Ju^^JL^ I tJiJ 1 4, jA^Xi SjLcj (^JL-stj 

4_ijbj^ - 4j^..t. ..VI ^d' ‘ ‘d' Cj 3^ Cy^ ^ ‘'j ‘^LA^iyoi 

4 j f b.L-:01 4 j 1-^11 j i II 11 IjLA ^ ^ 

La L^^ ■"■ ^1 i- ^ 1... tt -.-iVl ^1 ^ j * ‘4 

^aX .34 i—4 ^ Cr^ 4,yui'Ol 4. j CrJLjJl 4.y.^Jl ^^9 

(^j£. 4 ^/jf '^Tl 4 j £, JL->JI 4.y_>JI ^J_i.o-d (jL) lLUj C I i">IJ ^^ ^^ 

..it" Ld->l jL^jJa i4_S^LlaJ1 4jj\ ^ d j "ill 

iuji Ijla 4 jij jtiiTi (j-uy^ 4-«jiyi VIII *h 1 I 4y.iji 

Nucloplasminj;^jMjyi£'j_yII ^ ^ _ Ijujl^ . ja Slyil 

41 j i s t,I Aj-Ltiti ^yj L^j^'^\ jA ^3-t-ujjly j. j-iii a~ jji j^iyij ,(288,53) 
4 Cjl^^>^t.~i \ 4^j&.j~j 4.^«^^^y) S^Lc-l ^1 y L a ~i! 1 ^1 ' -^j 

4—lLSJI 4 !^^ SiyJI Q\j cIj5La.L^ Ld3-i—r»o 
J ^* 55 ^ 'J* J *4 .!1^ ^4.7t^^^yl SjLcl 4,jajL%a.uLll 4jij i-^tl 4 jAJl»J 

i JLA ^aJbV1^ • (^ ^ 1 4_iijcll ^^^3^ '■^'''J'"^^ 4 ^ it 1 IJa ^ j •“ t 


i—4 
































Ahi£a^AJI 6hJiiiUI 


Hiroshi TamadaljUaLJ (jjLi ^ o' 

JL»_iII JJ-XJl 'j“ ‘**1 i;jL)L^I .1^' 

L^l ^jLUJI ^JlA I^jja I ^ 3jLc.J ^LjIa^ 

L/d'jjJ ' V j ^ ^ ^_yJ_^t_dl 4 >-Ijj 0^1 ^ ^ 1 j 1 < M l 

tjL^ ^\ 4_^t ) 1 i ^LUj^ ii li i\~^ i 111 

IJ nJ 1 (jl C-I 1 / n Tl JL^^ 3^L^| ^ ^ 

L4-) ^ J ^J J * ^^J -1 ^ ^ 5 0^ (_yiJjJ 4 JLk 

L^l^l ^ i 1^ Aj .^a\ jJd iJjLaJ jl^l 

4j 1^1 ^ A 4 trfsLa*. 4_d_L^^4^Jl ^ fl (3^ L7^^ 4 icj^tl ■ 

(jl 51-^ |aj^^j^~i.j I nTI 4*t,u ^Jb La^ jLi^rJI _^_A Laj i. j.±ju^ jLiiaJ 

VI j-A Ld i^^Vl 4 3j if^jJI 43l j '^^l ■•"tl i JjL.^ VL%^ 

.>J^I (>« 


C)U ^J?l* 

4JiJLi ^JlLzw 4^^ ^kJxA Il^G q\ t4laLjtii> i^VI U* .^'i C4.jt 

i^jja jl _L^1 ^ ^ ^ UjI A ^J^:bJJ^ f^Ji ^^.SLajJI 


4^£. j^ O^L>> j3 


j f- ^ t ^ 11 (ji I'uJ I a 


4^1-^ 5ljj 4jiJLiJI 



^ jl^l I 4 l\^ Sf' Vi ^^LiJLjj i La 4 aJxI 4 ^ ^ 

^ 4 ■^Tl 4 j f..t 4 A -^It ■*■ * 4 4 _jiJL^I 

i 11 ^L>uVI 1 3jua ■>Ji 4^i 4 jf d j i'Lli 1^"' ■■" 

IVI 4_j_ujLj^Lj L^Lj>> 3J “** " o' i^JlII ^ ^ .^ ^ ".11 

L^' Lr^! 14_^^_j-jLii£. Ij 5L_>. jl <i^j£LlJI pIjlII (jisj-j ^^LaJ ^Lji^ 
I jI (_^Lc.^l (J^_jJi ^ 1 ^jj-tju-l^jL ^^LjiJ ^JLl LiL^ i^jj^ 


^jL^ (_^^l jjjfl La^ _i f ^^^1 (J-*iL_flJl^ ^Li^l c (l_JGJ1 

4-&a^ Xaylor R.A 4^1 o^^^ V"*■* ’** V j**-"■ '■ ^ 'j-^' ^ 

-i- Jj-:^j ^ _ 4^1-^ L>i-i. Jjj- M O*^' 

Prostate LLLl^j^^^I aj^ cr^! Mesenchymal cells - Ji ^ <\j >. ^ 

^ 4j»ji'*>- 4 _i£.jl>> 4ji4> t jjLj llUjij tissues 





























pjAJIg'fttjf \Tiir6^^Xall 


^ 11 >^ 11 1^ d 1 d 1 ^ .^.1 1 t ^ ^ * il» > . /I A ^.. <T t*^ t. 11^ 

i4-i::^Vl fjj-d Oij i-^tl 4 j r, Ju^I 4-j_l^JI ^ U C 

L^>L^ Ljj^i i4_£.LiJLt 4KMl A L^L^ ^ * jl^ Lu^jI Lli^ 

(Jj^ (-dill (^j “i TTJ V t -i jJ ^ jj-« 1 L)J_c.fj d ... i’i 

L^i^JI (■■<'^>- (jJl ^Lj 'a- 1 i Jj_laJlj .l^dlJI t < /'»j > ^_^£.LiJLl jt ^ -^11 
ci'^^ lV* 3 tl)^ ^ faa. "w Ly^j — 4 111 u“id i—j^ 

LdJ |CJ^j1jLd1 (Jl^ '^.* cl>^ 'j ■ 1 * ^1 ■ ■■ t jju 

Ld^ L^l . ^LLl 4_^ ^^ l)jj '^'‘^ 1 jj^‘^l~‘*'j 

.Fusion experiments d>ciil ^UjuVI 

•^i.iiH a^i 4^ I ^1^1 

2Ll^i ^ 51 Ld -^ 

I J-lJtft JJLC (,7^ 4jj^Vl JUJLaJI dJIubk |jl ^LaJIaJI JL>J 

Jl^ .,AiC Ld f^ll I n**"*- tCjLjjLi.L^i 

uLil^ljj^)) Li^L-^l I U>^il L-^-L^lj 4_L>-Vl Ln^ lj_>l ijJLiJb 

i'\ oL^ji—i-uaJI o J Jj4l£L!l JJLftil L^-Lo (Mosaic 
^-‘ *J .‘^ J“^ jl'" '^'J l(jLui->y I l^jy3 I J* ■ 

^ ^ I JjLlJI 4_d^iuiJ 4 XoI£^ Li^L^I ^LdisJl ^Jjil_l-ul - ^ » iJ^tl JjLftJI 

4 j f ■ Jk-:^ Lr^ jJ^ •*- TI 4_jJu Lajaj^ LftjJ^-s-d t ulij a 11 JjI 

Zuker & Landry tjljjJi^jJl 4 j U.:^l Lo 1 juk^ «4 j mI-w 

LijJj l-J>Ikj IjJj ^ 4j^j^^Vl dJLTuil oLV^L 1 ^ Aj IjC 4jLjaL:^ 

^1 (Jd **0 V LmI - V~i d 4 ^ j 4_dj^.laJl ffJJt 

^jV llUj t_fl1jx,Vlj 4 jjI d lull (jLjMJ jI (jLijjjyi (Jij-fl_y>J 

4 "ij d jl diji,! 1 Q L7^ 4.1^1 Ul5^ 4.j^JL:^ 1 L^L^Jl L^-ld 4-1^^! 

SLj^dl jjL^ (jl^ Ijl La 4^j-JUd ^j) (J-^^ (_^y.aJL.dl . JjlaJLj 

Jj VI . 41^ (II 4jl.df- <~i * Mji L-^J l~ii I Vi d jJljLd JaulIIj 

(_^lj 41^11 L^i^dlj 4 ..i.^L^ cZjLd-i-utj u-d^jLiJi ^1 <.lUj 

. LdLdd «-*. 11 cjj^ jl£^ 1 



















Cell Biopsy of still >, <u.4 

: living embryos 

. 4 J tl^>l ^i 1 11 ^t aJJb Jl^I ultJLj^j Vl '^j * 

4_2jj,^J 1 dJubj. 4_^ Ju:^ Ij^L^ «-Laj l*fc->. I^xa i “i Ij^C^I aJJb 

L^i Ljjj-2j jjLp V i-4jl Lo-^ *cy^ i^ll i^i 1 ^ 

LiUj ,l t i i aI 1 4. ~ . ..I Mi~j L>^J . jlU)Vt 

^j -l i *i t^ -j- —<U ^ ^JlJI ** J ^ > L^Lit^ 4j3_4-uix ^jL-^Lj jI j^LuJLj 

• ^ f ’ 

t Nuclear transfer 2L£jJi4 2Liki^^i^ijLdL«ji-r 

4_^l > 4 XU—^1 Sl^JJl jJ ^ * L^Uj (^j 

“*^ t <i lx i~ -- ^ I ^T i^x^Lj iL- 

t— a. k 5^ j ^ lull 4 y « (Ti 1—^ < * I y ~t > I 5jj ^ mi U ^1 i n i" i uVl 

4 J A < xi (jl (JL>- III) V La c.^^^JZ^ ^LJljI >A (_;,_i-uLxuV| 

5 J,J,i« ",„a 4 .j^Jl^ 4j^ (jl t n ) LuSJ t LLlI:^ 

Va£ 4,i.i,.i>ia 4j ^j^Lj^xJxu 4 j^.>o \m 4^j.aX 1 4-uaJ^^i ^1 11 j 

^L>- cJsjjjljO ^Jt «■ ii ii~ <^Vt f li tj'w ^^a_>o 4 j 

LajIjJoI CxL>>jl 4 jlILJI 4j 1-L!1 4_uijjJl 3^11.1 

4 j f jLj^ L^L^ ^ 1 II LM ■‘Lli ^JL^ (J^_^o ^ 4 jjjL^ll 

* L^ CjJl^I 3jj^ Tf a ^U—xu—4 j!'^ LujJ njjj . 4_jj_jJb^ 

^ - 3^V I t II f^jja 3jj-^Lo 0.y^ ~ ^ ^ 4 L^l^Ju 

(J ^I JxAj . 4^ijJ.->. 4.XC. <_7^1 Tfc_> ^ 11 4_^^ 

4—^1 LiUj i^ ^■ “*< ^1 Lo-d^L^t ^\ Li-(j-^ 4 -j_Lc. ~ “^xVl 

V i u O^ixiK JL3 3l3i i j i u *=* ^ ^ ^ 

4_xL>JI «.LIa£.| (jL^jl *xj ^j3.i.T 7i-i"ij ^jLuVl^ 1 j ... jl ^iL_>-j 

^j-xu 3 jLjx-u jJ 4 -^ajL^ CxJlj La 4Jl^ xiail (J_A CJ^ *4 J f I. V 'H 11 

4.xX.Jl^ 4xL>> ^JLxu.>JI 4 L^_La OJL^t 'Q^-iy .***^' 

(jl (^t 3 U 4 i^_i5-^^ I a i^JL_i*! 4_xu—ij Cxfl^l 4 j ij r'^ 

jL^ I^~ .* ^ J 'J 4 j ^ 1 4_^l^iJl ^LL^£.I 4..jJLa^ 4^jLxiJLI L^L^iJI 

. i ^4iiit> 3,.nj4 <i!l cIj^L^ 































* »t i * 


jr JL^I^tiL^i 5|^ juit<3jL^jJI ~i 

(jriCaJLJ ^ S" ♦ ' t~.j -w i4_dJjJe3 4_La ^ j5 Wb tjl Ijla 

4_lL^ t Sl^^Jj ■ j .^JLl ^ HI It 4_ijijLJl 4 ji^Jj>J1 

. t^l A-^ti 4j^^>.ii li i4 <jt 4 L^ 4_i M t! 4 ^^ JL^^JI 

^jV jl (j^Lqj _C.J ol _ p _>- l—^i^lj _ 4 _ Sl^^JJl 

i4_)jLiJl 5 t, i. ..^n Sl^^JJl j_JjL.>ij lLLIj 4_i 1j , ..Tl 

(_yjj Jj-AJ (^ySLl (Jj-i-t 5 j_^ c^bj^* I ^ aLt^ -iLjuj L4JL5- 

c^! L Ot\ .!^1 ^JL^ . 3^£! ill 4 ji(j ~f1 

3jLc.| dLtl... t4 jf jL^ L^Jjj.^0 LM-3J1 

3 *^‘^' jl 4 .j^Jlj>J 1 ^3l^-Li 3Lk^'^l^ 1 4_^j^^^3-j.L^I 4.Lj_iJl CjLj^^SLI 

2j uk c r>HiTt ji Cy* 3iX^lj^.^i-^ ^ 

^juVt 

1 l^j.i.r ^3^ ^ 1 ? ^jIlalU 4 , 4.^1 A 

^>4 3jL^b ^ Preimplantation genetic diagnosis or PGD 

1 x ^33 O^ do^*3*j ^ jt X-" 4^V1 1iJL:w ^-L-r^JI 

j “ ^ 

4_5-i-fcLj Cy 3L^l-~w ^L-oj i^j-A 4 .^lI11 

j »■" 4-^ I^ lP^ <—3 Jlj.^^ I 4_jl.-^l I a Jul Cj I ">. 

I I <-*-^ 1 p^ t-jJ I ffljJ 5 JjLJ t 4 (Jja-LaJ 1 t_■ j 

CjIlJ*-! (^JlII _ *0 * J .‘ ^ i'll > lZj 1 j)l*> '>J 1 3-*^^3 fii" i4_^ljj 

jj *i "wLj . 1 OjJl^ 3 t <1J “ 3i \ jk “vj-li 4 _i_L>J1 4_Lq 

^Jub Jl^Lj (j-se_) t^«.^3JLu3 4_3 j^.^I ^JLA l^jLiw^ 4-^JL'^ll 4 

LjL-iSJ (jl 4 J 4 »^Jl:v L^L>- 4 jl-^l l 

4-J_Lu^ ^ * c- \ ^ t ^ j -a t ^ ^^i£Lj ^Q_J (^L) 

,^15- jua_■ ^ -^ “ 1 i Ij>L_3J1 Jj Tf lj j_;,-£LJ cLi^j (^1 IJ-aUv o>^ 

*(j'uL:^l (J-J-3 Oj-^ CjJ^^seJ tiJJj ^jl 4_3j^^.laJ1 tfJL_A f-(jy-^ 

1 ^L£ 3 j aM 4_i_Lt J ^ ‘ 3 ^ 1 1 ^uLdal^K-i _L-d ^^JL:>-L-lJ I I Ju^ 

^1 3 3 3j jJI Jlj Mill (3^11 t ia j -V 1 JLAj . l_4jj L^ J_La_i-£aj 

(j31 j ^b '^1 id^" jjJ, \Sp LuLajI 































^-L.^ ^i ^1 ^jJI V L^t ^ ^^ Ij 

Cj^j (^I (_jJa L 4 JI ^1 "tTc.j Juib ibiiil) JLjlj JjJj-LI JrtUlT iL^a^^LuaJ 
jl (4 j^.^}j ^ ^ ^ , 1 j A~* < itj i.dJj . i » > ^ . Jj^-^JI 431 j "»- jl^ i3i a 

j -•>-33 V 43i 1_ 14 _j_c.jL. 9 Jl ^ .at-> Lj^L.>> pg *C^ 

.UtA" 11 Ij^ ^A |J_4Laj jl^j .^_^mi Ja^jji 4 k <n ^ ^«^jj 

(J i t3 JL^J .^jJI 4Lal i 4.J-C t i 4 Liioj _ uiUj i V * i - L^J 

0—^a3^ 1_^Iji^ 4— j__cJu _ ^1 1 __ ^1 djLJb 

1.1^ jl-j J "»“!l ' -f 1 VI . 1^1 1 ^ aT 1 -^~ . ..I 

.3jL)JLC 4.j‘^M^ lIjVL^k^ 


4 ti ^11 j^jic 4^^!^ (jl LiJ Ijl'^ Ijj 4jI 


t ^ 




ail . ^ *fc.tl a J-^tl 4_%.^ja ajLcj . LLiIj La-^ - i4_ijja9J1 4_^JuJI 


AjlI^I 'j'^ ^ (4.4jJL^ ^ j3j i-w 4^Jj^ 4 jl^ ^ l^^aj t ^ ■■■^* 

^Ju-u-^l 4_ii>~ 'Sy^ tijjJ Vj <4 aj^li all 4 jiji'^l 4„.ir ,V,-:^J1 

4j^Jl^I 4.jiiJ1 ^Lal> 43bc.a^ CjJL^I ^jJI 

Ij^ ^j-A ajL>.lj 4 .j 1^ j->.! 4.^L!JI ^^JlUl 4_3 j^.^I^ 


“ ‘ J *3I L^LA.<.4i*i*rl ^ <43 iS^ Ol J.^] (jJJ a 1 

ya 4 JJL 1 JI aj I ... a jl^tl 4_'^a^ ajLcL (4JiJL!lJI 4_aj^JaJI ^ .4.jJjj^ 


Cj Jlic I 4 . 1 I 9 JI Jl^ 1 ^ (3l4c^^.aj0 5 1^1^ (J^ l>^ 

4jf L^'L^JI JL^I ^ •."i.iTltuM (4j3jj^ t"iT I l^lj 1 

4aL4.c iL^^I ^l~< Ij^'L^l ^1 L^Jj^ ->i ij 1 1 ^ia 4 J 

Therapeutic cloning 

Ju3 (.jj_jlII »La Ul 0^-^ j 3 .* *» a C^J 

i4^^L^V1j 4 ^^^^jlIIj 4jjjLlJ1j 4^c.mi «11 fjji _ Ljj^^.u _ 1 

. J^jJI 3j.>.LuJI 4awj { a53 (3^1,^ -^3^3 3 .*J 


Sail j^a ■'^11 4 j La 1.1^6 ^L«JI (_^ Lai 

4_aj^JLl 4£L4 j 3j__ui—C 4_ftji_uJI 43jjJ _uiVI ^1_&JI 4l^ljJ 

:4^^ L>UJI JIAj (^Y-r/^^ tYl) 



























'•L;Sli3\jl9 IBottJIj'K If \pll'6.,JiJI 




L^JLa L^L^I alxA ^Jj) 

^ V^" .11^ SLojjVI jt (^js ^ 

^p... ^T1 L^pL^ l jI" ^ ia L^jj4 * —^ • tl i^M 4 j^ 1 '^Tl LT^J 


^1 '" ^' jJLL^aJLl j iJLA^I ^jLtLjO 4 _jU3jL^1 ^jL^UI 

tJj ■ ^ ^ ^ ■ ~ i^jj^ L^3-^ M-Q i^jja 4 -I o t "i a ^j d Ti 

. L^Xa 4 _^Jl>JI ^ t ‘ I 1 ja mj 4 rr .LflI 

, J-a^>JI ^ ^ ■ -‘T' 4.1^VI _ Y 

» {_C^ ‘ '‘^ I I ^ I .^. 1^ t _ V 

.0_^U1_5 JUIdVI _ i 

■ -'j ^Lwijj ^Jl_i_u_:k 4j I-^ JL^Li ^1 I n M 1 11*^1 _ C 

4i^j—4 ^1 t 4i i ^1 iL^ljj 4-^^ a A 4 1 ^ ^ 4jj L^ljj 

.4ai:. t_7ic. l^-Lo ^ 

fr 1^-iii^.lIj frLtJa^Vl aljljj (^yjs ^4J,5,,ll ^l.4-ii.4jVI JLaj^ 
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